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The Journal of Pharmaceutical Sciences 
considers manuscripts for publication in 
the following categories: 


Review Articles—Summaries covering the more recent ad- 
vances in am area in which the author has been actively 
engaged will be published as review articles. Such papers 
ate intended to be critical evaluations of published reports 
which have previously appeared in the scientific literature. 


Research Articles—Reports of original laboratory research 
in pharmacy will be considered for publication in this section. 
Pharmacy is defined here in the broadest sense, and includes 
pharmaceutically related investigations in allied basic disci- 
plines. 


Technical Articles—Reports of an original nature which de- 
scribe investigations or developments dealing with phar- 
maceutical processes, technology, engineering, or their ap- 
plications will be considered for publication under this heading. 


Drug Standards—Reports which include proposed specifica- 
tions and assay procedures for basic drugs or their dosage 
forms will be published in this section as they become avail- 
able. Such reports will generally include discussions of the 
methods proposed and an explanation of the procedures 
chosen. 


Notes—Brief reports, generally describing original research of 
a more limited nature, will be published under this heading. 


Communications—Short communications which report new 
findings of outstanding importance will be given prompt 
publication after review and acceptance. Corrections and 
reinterpretations of previously published reports will also 
be considered. Communications should generally be written 
in paragraph style, without figures, tables, or headings other 
than a title. 


Except for review articles, suitable contributions are welcome from 
authors in any of the above categories. Review articles are 
solicited by special invitation from the Editor. All manu- 
scripts, except those invited, are subject to review both by 
the editors and qualified outside referees. It is understood 
that manuscripts submitted have not been published previ- 
ously and are not being submitted elsewhere. 
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_____ The Editor comments 


A CASE OF SUPPLY AND DEMAND 


Business and financial experts emphasize the deli- 
cate balance which exists in our economy between 
the supply of goods and services as compared with 
the demand for them. When inventories of raw ma- 
terials such as steel, supplies of finished products 
such as automobiles, or the available labor force for 
employment, drop below or exceed certain norms, 
the economy immediately reacts. We then find our- 
selves in a period of either recession or inflation. 
Often, variations of as little as a few per cent are 
sufficient to trigger such a reaction. 


Similar forces are involved in the dissemination of 
scientific literature. If adequate publication facil- 
ities are not available, some meritorious reports 
might not find their way into the literature. Con- 
versely, if publication facilities exceed the supply of 
good papers, the standards of journal quality are 
bound to be seriously jeopardized. 


It has come to our attention that a sister organiza- 
tion is considering the launching of a new publication 
in the field of medicinal chemistry. While we recog- 
nize the great importance of adequate media for the 
publication of such research reports, it is our con- 
viction that the establishment of another journal in 
this field would be most ill-advised at this time. 


Currently available pharmaceutical research peri- 
odicals, including Tuts JouURNAL, have not reached 
full publication capacity. Present limitations are 
in the quantity of suitable manuscripts rather than 
in the journal space in which to publish them. Con- 
sequently, a new periodical in this field can only 
serve to reduce the number of worthy papers avail- 
able to any given journal. The result will be det- 
rimental to the quality of all of the publications 
involved, and therefore, this matter merits our deep 
individual interest and concern. 


We bring this information to the attention of our 
readers in order that they might express themselves 
in an informed manner. Such expression should 
convince prospective publishers that adequate 
scientific coverage would best be achieved by 
further improvement in our present journals rather 
than the issuance of additional publications. 
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. | ‘ue kinetic aspects of drug absorption, distri 
bution, metabolism, and excretion have not 


been previously reviewed in the English language 


Two discussions or reviews on the subject have 
been included in German publications 


these constituted one issue of Die Pharmasie (1) 
and was prepared by Druckrey and Kupfmuller 
The other is included in a book written by Dost 
(2). Dost’'s bibliography on kinetic and related 
topics is extensive 


More than two decades ago, 
Teorell published two papers in the English lan 
guage which were a theoretical treatment of the 
kinetic consideration under discussion here (3) 


Some of the literature existing on the subject at 


that time, as well as literature on kinetics of some 


physiological substances, was briefly reviewed in 
these Relatively 
published an extensive review on the theory and 


papers recently, Robertson 


use of isotopes in the determination transfer rates 


(4). In Robertson's review 


work with physio 


logical substances was of primary interest (4 


The same is true in the rather extensive papers 
published by Russell (5) and by Odeblad, Westin, 
and Englund (6 Although not concerned with 
drugs, many fundamental principles of elimina 


Received from the 
California 


School of 
San Francisco 22 


Pharmacy 


University of 


Kinetics of Drug Absorption, Distribution, 
Metabolism, and Excretion 


By EINO NELSON 


One of. 


Review Article____ 


tion and distribution are covered in a book chap- 
ter by Dominguez (7). 


The present review is mainly concerned with 
drugs or substances normally foreign to the body 
although, since in many cases physiological sub- 
stances are handled by the body, kinetically 
speaking, in the same manner as drugs, some of 
these cases are also considered. This review is 
further restricted to rate processes in the intact 
animal except where surgical removal of certain 
organs, e. g., nephrectomy, was a useful procedure 
to investigate kinetics and disposition. It should 
be pointed out that, while concentration-time re 
lationships of drug in various body depots may in 
some cases be well predicted by a kinetic approach 
based on the determination of necessary rate con 
stants and other parame‘ers, such relationships do 
not necessarily delineate the pharmacological 
activity-time relationships. However, very little 
quantitative information is available on the last 
mentioned subject and a knowledge of concentra- 
tion-time relationships is necessary to obtain 
these quantitative data. 


GENERAL CONSIDERATIONS 


Phe disposition of several drugs might be de 
picted by the following scheme (assuming oral in 
gestion of the drug at zero time) 


; 
ore: 
3 
= 
3 


drug and metabolized 


drug m stomach 


drug and met ibolized «¢ 
drug in intestine 
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» drug and metabolized 
drug in blood 


» drug in other 
body depots 
or fluids of 
distribution 


| * 


* + 


metabolized 
drug 


drug and metabolized 


Phe above scheme is complex, but actually much 


less complex than that which actually exists in the 
intact animal. For example, transier processes 


shown by a single line in the scheme consist, in 


most cases, of a series of processes (other excre 
tor if disposition processes May exist, successive 
modifications may be accomplished on the parent 


its metabolism, et However, drug 
excretion or metabolism, for example, may often 
he describable by relatively kinetics 


That thi 
Many of the processes shown, although in opera 


simple 


is so. results from several factors 


tion at all times while drug ts 1n the body, involve 
only small amounts in comparison to the amount 
in fluid on which measurements art mack Bilt 


ry excretion occurs with many drugs and reab 


orption of drug excreted may take place trom 
the mtestine Chis re; 'ts in an enterohepat« 
circulation of drug, b unless the amount im 


Ived in this evele is large, its influence on the 


concentration time course of drug in blood will 
not be motrer ible 

Another factor that may allow a complex 
f processes to be described by relatively 
inule mathematical expressions is the rapid equil 
ibration of drug after its introduction mto the 


hedy among the fluids in which it becomes dis 


tributed. For example, following intravenous 
tection. the kinetics of the distribution ind elim 
ination of many drugs may be de scribed by the 


drug in other fluids 
‘ 
of distribution 


drug in blood 


1 drug 
ug 


elumimates 
metabolzed 
excreted 


\s will be seen later, a two-term exponential ex 


pression delineates the concentration 
course f drug im bi wal at all times it can be 
measured However, within a short time attet 


injection, drug in bleed is m equil! 


drug in the other fluids of distmbutior ind kinetu 


cally the disappearance « f drug from blood wall be 


drug m urine 


described by a single-term exponential expression 
for the bulk of the time drug is in the body rhe 
length of time elimination is describable by the 
single-term expression depends on the relative 
value of the rate constants for the processes 
shown 

With increasing complexity in the scheme cho 
sen to describe a drug’s disposition, increasingly 
more complex mathematical expressions result 
from integration of the differential expressions 
that describe the rate ot t vansfer or modification 
ef drug. However, since the constants in the 
mathematical expressions must be evaluated 
from the experimental data and since the mathe 
matical expressions have no power of discrimina 
tion in themselves, the fact that the expression 
with constants evaluated does fit the experimen 
tal data may mislead one into believing the model 
chosen is absolutely correct. Thus, a kinetic ap- 
proach to study drug elimination and modifica 
tion must be made with due recognition of thts 
situation 

Error in analytical methods applied to biologi 
cal fluids is usually inherently high. Thus, the 
effect of unknown processes involving measurable 
amounts of drug may be hidden in the experimen 
tal error of the assay method used for the drug 

An examination of the literature on the kinetics 
of absorption, distribution, etc., indicates that in 
the bulk of the cases transfer, elimination, and me 
tabolism rates in intact animals are directly pro 
portional to the concentration or amount at the 


site from which these processes take place. In the 
language of the chemical kineticist, these pro 
esses are ‘first order” or “monomolecular.” Inthe 


metabolism of some drugs, processes appear to 
proceed at a constant rate independent of concen 
tration The analogy to chemical kinetics here 


is the “zero order” process. Unless otherwise 
stated, processes under discussion im this review 
will be first order 

Most drugs introduced int: 
reversibly distributed in other body fluids or ts 
sues he sites at which these transtiers take 


place are referred to as “compartments body 


the blood become 
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pools,”’ or as the “other fluids of distribution.” 
Phe latter designation will be most used here and 
will usually denote a site to which drug passes 
withont specification as to whether or not this is 
extravascular fluid, selective binding by some par 
ticular tissues, etc. Kinetic analyses may indi 
cate that more than one pool or compartment 
other than blood must exist to account for drug 
distribution. The kinetic analysis by itself can 
not necessarily establish the reality of such addi 
tional compartments available to participate in 
distribution 

While consideration of the kinetics of the me 
tabolism of drugs is not easily separable from 
other kinetic aspects when considering the latter, 
the literature may conveniently be divided into 
two groups, one of which has been mainly con 
cerned with the kinetics of metabolism and the 
other with one or more of the other topics consid 
ered in this review. This review is, therefore, 
divided into two parts with the kinetics of drug 
metabolism being separated from the other topics, 
evcn though some overlapping inevitably results 


KINETICS OF DRUG ABSORPTION, 
DISTRIBUTION, AND EXCRETION 


The first extensive studies on the kinetics of 
drug absorption and elimination appear to have 
been conducted by Widmark (8, 9). Using ace 
tone as an indifferent narcotic, he studied the 
appearance and disappearance of this material 
from the blood after administration by several 
routes and appearance in expired air. He recog 
nized that the material was both metabolized and 
excreted in the urine as well as eliminated by the 
lungs, and that these processes were competitive 
with each other. He found that after absorption 
of the dose the concentration decreased in an ex 
ponential fashion and that rate of elimination in 
expired air was directly proportional to concentra 
tion in the blood 

Later Dominguez (10-15), using creatinine and 
xylose as examples, pointed out in considerable 
detail the relationship between plasma concentra 
tion and excretion rate and the significance of 
other parameters involved in the elimination and 
distribution of these materials. The theoretical 
relationships experimentally verified by Domin 
guez are summarized in the following: when Cp 
was the concentration of material in the plasma at 
any time in any convenient units and when drug 
in plasma was in equilibrium with drug in other 
fluids of distribution, the rate of disappearance of 
drug from plasma, dCp dt, was equal to 
- = KCp (Eq 


183 


where the rate constant A was the elimination 
constant in reciprocal time. The constant A was 
the sum of the rate constants for the individual 
processes that were concerned with elimination 
and with the materials he studied these were two, 
namely, urinary excretion and utilization or me- 
tabolism. Then A = & + & where &; is the rate 
constant for urinary excretion and &, is the same 
quantity for metabolism. Both &'s also have di- 
mensions of reciprocal times. In general, if dis 
appearance rate is given by Eq. 1, then A is the 
sum of all individual rate constants concerned 
with elimination. Integration of Eq. | gives 


Cp = Cp” exp|— At} (Eq. 2) 


where Cp® was the plasma concentration at 
zero time. Alternatively, since drug in plasma 
was in equilibrium with drug in other fluids of dis- 
tribution and since Cp!'d = Ab, where Vd and Ab 
were, respectively, the volume of distribution and 
amount in the body, Eq. 2 may be written as 


Ab = exp|—Kt| (Eq. 3) 


where .16° was the amount in the body at zero 
time 
For creatinine and xylose, excretion rate was 
directly proportional to plasma concentration. 
That is 
dAe/dt = k,VdCp (Eq. 4) 


where .le was the amount excreted in any time 
and Vd the apparent volume of distribution of 
drug. After the substitution of Eq. 2 in 4, inte- 
grating the resulting expression, and evaluating 
the constant of integration at zero time under the 
condition that no excretion has occurred 

_ 


Ae K 


— exp|—At|) (Eq. 5) 
At infinite time Ae = e° where -Je° is the amount 
of a dose in circulation in the body eventually ex- 
creted in urine and 


Ae = k, VdCp’/K = Ap 


or 

= k,/K =f (Eq 6) 
where f is the fraction of dose originally in circu 
lation that was eventually excreted in the urine 
Making use of the identity from Eq. 6, &; = Af, in 
Eq. 4 gives 

dAe/dt = K{/VdCp (Eq 7) 


and hence volume of distribution can be calcu 
lated by simultaneous measurement of excretion 
rate, plasma concentration, and knowledge of the 


value of the elimination constant from plasma, as 


‘ 

a 

| 

Gale 

3 

if 
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well as the fraction of a dose excreted unchange d intravenous administration (19-21 The situ 


in the urine ation studied may be portrayed bv the following 
It is of interest to point out that Eq. 5 may be scheme where an arrow indicates a process whose 
written as rate is directly proportional to amount present at 


te = f AW — expl—Ke Eq. 8 the indicated sites 


and when excretion rate d.1¢ dtis plotted on semi drug in plasma > drug in other 
logarithmic paper and a straight line results the , / ' k fluids of 

\ ¢ listribution 
rate constant A for elimination from the body ts 
found from the slope instead of the rate constant excreted drug metabolized drug 


for excretion [cf. Stern (55, 56), Hough, et al. (57 

Swintosky (16), and Hough (17 This follows 2" the heme shown, plasma level is described by 
since de dt = Af 1b’ (exp|—Al 4 two-term exponential expression of the form 


and Cp l exp|—at] + B exp Eq. 14 


loge (dAe dt Ki + log. Af Al Eq. 0 
K 4 1 Che constants .1, B, a, and 8 are relatively com 


Kidney clearance as defined by the physiologist plex functions of the rate constants for the proc 


mav be expressed in the terminology used here esses shown in the preceding model as follows 


Clearane ( ck cda IS 


where P is plasma concentration in mg. lis b— 


urine concentration in mg. cc., and | ts urine flow 
in cc. mun Then since dAe dt Af Vd } + 


Cp, from Eq. 7 beK 
Eq. 11 K b. + 


Clearance from kidney function tests is usually al Cp’k, Vp + afl 
determined with substances that are almost com kVpis a 
pletely eliminated in urine so f 1 and B=Cp-A 
K Vd Eq. 12 where Cp® is the plasma concentration at zero 


tim ih” the dose of drug administered, f the 
Although Dominguez did not use the term half nistered he 


fraction of the dose eventually excreted, and Vp 
life, ¢ this term is widely used now and 1s usu : p 


. the plasma volun atio of t ate co 
liv referred to as the biological half life of a he | The i f rate con 
stants Re A st ratw of plasma vol to ap 
drug It is easily found from Eq. 2 to be 
narent volume of the other fluids of distribution 


4 ] 4 

1693 Eq Che method of deducing the numerical values 
rhus. it bears a distinct relationship to ph solo of the various constants has been described (21 
ical processes determining the value of A and it Equilibrium between drug in plasma and drug 


use is incorrect, for example, to define duration of | ™ other fluids of distribution was rapidly reached 


with substances studied by Dominguez and his 


action when a drug has been incorporated into a 

dosage form to prolong action co-worker creatinine mannitol, galactose 
The preceding summary of the relationships xVlose hence, within a relatively short period 

presented by Dominguez and co-worker ; of time plasma level was described by Eq. 2 with 

are not in the terminology of the original publica constants evaluated 

tion Furthermore. he defined an excreti n Volume of distribution may be calculated by 


stant. .1|. that wa 


Likewise. his utilization constant, 8, 1s 
equivalent to the pr duct of & and ld Phe pre where Cp" is the extrapolated concentration at 
ceding summary did not introduce terms used by vero time from a semilogarithmic plot of plasma 
Dominguez to account for preadministratior concentration time following imtravenous 
plastna levels or excretion rate the maternal ut idministration of dru Calculation of this 
der study Chis level and rate are the “blant quantity by Eq. 15 is only an approximation and 
Later studies by et imecluded the accuracy depends on the rate of attamment 
measurements and their imterpretations m the f equilibrium between drug tm plasma and drux 
per-equilibrative phases of distribution f lowing in other fluids of distribution, as well as on the 


= Eq. 10 2 
| 
| 
| 
| 
f 
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amount the attainment of 


Corcoran, 


during 
Dominguez, 


eliminated 
equilibrium and Page 
have derived and presented expressions to deter 
mine volume of distribution from plasma-level 


measurements more accurately (21) 


The disappearance of galactose after intra 
venous injection was another interesting case 
studied by Dominguez and Pomerene (22) 


Excretion rate was directly proportional to plasma 
concentration, but plasma concentration did not 
This 


gested that the rate of utilization of galactose was 


decrease exponentially observation sug 
not directly proportional to plasma concentra 


tion. An expression was derived to describe 
plasma concentration of galactose as a function of 
time 

Other work by Dominguez and Pomerene has 
been the development of a method to calculate 
absorption rate following oral ingestion of drug 
and the application of the method to creatinine 
(23). In the terminology used in this review, the 
equation developed was 
P VdCp 


absorption rate = ; 


Vd a (Eq. 16) 
d 

An application of the method of Dominguez and 
Pomerene to study the absorption rate of sulfa 
ethylthiadiazole has been made by Swintosky and 
his co-workers (24) 

The work of Widmark, 
Dominguez, and others (25, 26) appears to have 


experimental 


stimulated Teorell (3) to prepare a general theo 
retical treatment of the subject of the kinetics of 
distribution. His treatment of the subject is an 
extension of a less extensive, earlier treatment by 
Gehlen (118). The discussion and mathematical 
derivations were based on recognizing the series of 
consecutive and competitive processes that would 
logically be involved after the administration of 
drug by several routes and on the assumption that 
the transfers effected would be by free or passive 
diffusion, i. e., diffusion according to Fick's law 
With transfer by passive diffusion process, rates 
would be at all times directly proportional to the 
concentration of material present at a given trans 
ler site, 1.e 

Peorell the 
amount-time course of drug at the absorption 


first-order processes 


derived expressions to calculate 


site, in the blood, in the tissues, amount elim 
the 
many 


inated, and amount inactivated. Since 


included 
processes, most of the mathematical expressions 


treatment was general and 
are rather complex, although less complex expres 
sions based on simplifving assumptions are also 
presented 

Feorell also considered the special case of drop 


continuous 


and 


intravenous administration 
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derived the appropriate expressions to describe 
amount-time courses of drug in blood and 
inactivated and excreted 
amounts under this condition of administration. 

It is of interest to compare the theoretical 
treatment of Teorell to that of Dominguez. 
The situation considered by Teorell 
(3) may be depicted by the following scheme: 


tissues, as well as 


kinetic 


drug at absorption site 
ky 
drug in blood ———, drug taken up by tissues 
| ky k; | 
drug excreted 
unchanged 


* 


drug inactivated in 
tissues 

The &'s with number subscripts are first-order 
rate or, as he described them, velocity constants 
These constants are permeability coefficients 
divided by volume and, hence, have the dimen 
sions of reciprocal time. For drug inactivation 
constant has the same 
dimension even though the process is not neces- 
sarily rate limited by permeation. In 


in the tissues, the rate 


Domin- 
guez’s work, for distribution, metabolism, and 
excretion after drug was in blood or plasma, the 
scheme that adequately described these processes 
was as given in the model immediately preceding 
Eq. 14. This description of the part of the over- 
all drug disposition is probably the more correct 
of the two for it would usually be the case that 
drug inactivation would not take place in all of 
the other fluids of distribution as implied by 
Teorelt’s model, but in some particular tissue 
whose contribution toward the drug's total volume 
of distribution would be small. Adding another 
site in which destruction takes place to either 
model would be an even more correct description 

A large number of kinetic studies on absorption 
and excretion of drugs have been reported by Lapp 
in France. The bulk of the studies have been 
concerned with excretion kinetics and have in 


cluded work on, or consideration of, several 
poisons (27); salicylate (28); stovarsol (29); 
uric acid (30); arsenic (31), sulfur, arsenic, 
chlorine, and sodium (32); rubiazol C (33); 


quinine (34); quinine and radioactive substances 


(35); arsenic mobilization in guinea pigs (36) 
a soluble bismuth compound (37, 38); sulfisox 
(39) (40) 
Lapp has also published a number of papers 
concerned with other general or specific aspects 
of the subject of this review (41-51) 


azole and N!-acetylsulfisoxazole 


For the 
most part, the kinetics of substances studied by 
Lapp were describable by the kinetics of Domin- 
(10-15, 19-24) and/or Teorell (3) 


in almost all cases, the materials studied by 


yuez Since, 


Lapp were drugs as such, rather than physio 


; 
= 
4 
4 
q 
q 
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: 
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logical materials or materials similar chemically to 


physiological materials as studied by Dominguez, 
an important contribution of his work is to show 
that, in so far as their distribution and excretion 
is concerned 


both 


in the intact body the same prin 


apply for classes of 


this 


ciples compounds 


Exception to statement exists, of course, m 


cases where specialized transport processes exist 
here, 
s kineti 
analogous to the physiological processes 

kinetic 
half Lapp 


in additional parameter which he calls 


for ph siological materials But even 


drugs exist that are handled by 
cally 


In addition to the 


process 
usual irameters 


such as rate constants and or lives 
defines 
protorrhea”’ [rapidity of initial elmnation (49 


Protorrhea, x, was defined as 


2.3 Qor (Eq. 17 
eventually re 
and A the rate 
body 


proportional to excretion rate at 


where Op is amount of a dose 


covered in the urime constant for 
elimination from the 


directh 


From Eq. 10, A 1s 
zeTo 
time if the dose instantaneously enters circulation 
and drug in blood is at equilibrium with drug in 
other fluids of distribution from 


zero 


Lapp's exponential expressions are based on 


powers of 10 rather than e¢, the base of the natural 


lowarithms, hence his rate constants must be mul 
tiplied by 2.305 to convert them to the method of 
expression used here and most of the published 
Since his half life, //, | 

is defined as // 0) \ where A is 
constant 
» those 


literature temps 
d hemikrese 
the rat is calculated by him, half lives 
detined here 


kinetu 


ire identical t Lapp pomts 


out the appheation of data in thera 


peutics and uses, in addition to the parameters 
called 


which is the quantity of a drug that is 


lready mentioned, another quantity 


transit 


present in the body at a given moment 


methods and terminology are used to 


Lapy 


some extent in France (52, 53 


\ number of less extensive studies than those 
contnbutors 


to the 


already discussed, but nevertheless 


and informative contributior subject of 


in vive kit 


etics, have been published 
considered the 
drug blood level 


fixed intervals 


Boxer and his co-workers have 


kinetics of the rise and fall of 


with repeated dosage at which ts 


the usual 


dosage scheme in therapeutics (54 


Assuming elimination o by a rate directly 


rtional t im | ! the usual 


ind that the 
iM deduced that 


mediately after the 
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where r = exp|—A At], Cp® the maximum plasma 
level from a single dose, and Af the dosage inter 
val. Equation 18 is a geometric series and has 
the limit 


(Eq. 19 


when ; is less than | and » approaches infinity 
Actually in most cases of drug administration, the 
limit is reached rather rapidly so the maximum 


concentration is also reached rapidly. Boxer, et 


al. (54), applied the expression to streptomycin 


administered to dogs and obtained good agree 


ment between calculated and experimentally 


observed levels. Experimental applications of 
Eq. 19 or an equivalent have been made by Lapp 
50), Butler and co-workers (58), and Swintosky, 
et al. (59 


cation was to oral dosage of phenobarbital and 


In two of these cases (58, 59), appli 


sulfaethylthiadiazole, respectively, and in the case 
of sulfaethylthiadiazole a modification was made 
in Eq. 19 to compensate for the delay in absorption 
that occurs when this route is used. Agreement 
between calculated and experimentally observed 
levels was good in both cases. Since the equilib 
rium level on either continuous dosage or dosage 
at fixed-time intervals can be expected to be 
reached rapidly, particularly if an initial ‘load 
ing’’ dose ss given, a method has been proposed to 
calculate dosage for sustained release products 
based on equating input and output rate when 
desired level of drug was in circulation (60) 
With small values of A, the series that is Eq 
IS approaches its limit slowly. However, body 
level of drug after n doses may still be easily 
calculated, since the sum of a geometric series is 


given by 
(Eq. 20) 


where Cp" is the level after » doses 

Although Eqs. 19 and 20 are written in terms of 
plasma concentration, they are equally correct if 
ib, amount in the body, is substituted for con 
centration. If they are applied to estimate body 
level after oral dosage or dosage by some other 
route other than intravenous administration, the 
calculation will give the theoretical maximum 
umount that could be expected to be present 
rhe actual amount would be less, depending on 
absorption and elimination rates. Nevertheless, 
because the theoretical maximum can be deter 
mined, the calculation provides useful informa 

Somewhat similar to the situation existing 
when dosage is in fixed amounts and at fixed inter 


vals of time is the case where drug is infused at 


Cp” 
‘ 
= 
4 
t the plasma coucentration um 
th dese, would be given 
Ct Cru +r +4 
y 
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a constant rate as is sometimes used in thera 
peutics, kidney clearance determinations, and in 
experimental work. A quantitative consideration 
of this method of administration has been pre 
sented by Rand and Stafford (61). Their con 
sideration was brought about by their difficulty in 
determining the acute lethal dose of rapidly 
detoxified drugs because this dose was a function 
of infusion rate. They derived an expression to 
determine the amount in the body of the experi 
mental animal at death that was based on assum 
ing a detoxification rate that was directly propor 
tional to the amount present in the body and con 
stant rate infusion. This expression was equiv- 
alent to 


Abt = (1 — exp|—At}) (Eq. 21) 


where 16 was the amount in the body at death 
(true lethal dose), Ri the infusion rate, and A the 
detoxification rate. In the application of Eq. 21 
to determine the lethal dose of digoxigenin in 
guinea pigs, they found the mean true lethal dose 
in the group of animals smaller and with about 
one-tenth the variance than the mean apparent 
lethal dose. The latter was calculated as just the 
product of infusion rate and length of time in 
fusion proceeded before death 

Equation 21 expresses the dependence of 
amount of drug in the body on time when no drug 
is present at zero time. If an initial dose 15° is 
introduced at zero time, the following expression 
gives the relation between amount in the body and 
time 


Ab = (1 — exp|—At|) + exp|—At| 


(Eq. 22) 


where the terms have the same meanings as in 
previous discussions. From Eq. 22 when Ri = 
AK Ab, Ab = for all values of time 

An application of the kinetic consideration con 
tained in Eq. 22 and the discussion which follows 
it has been made by Mayer, Maickel, and Brodie 
to study the kinetics of the penetration of drug 
into the cerebrospinal fluid and brain (62 
Since plasma level was constant at zero time, 
they were able to follow the appearance of drug 
in the other fluid of interest as a function of time 
They found that penetration was by a passive 
process and, hence, were able to determine a 
relative permeability constant for the penetra 
tion 

Plasma corticoid levels following adrenocortico 
tropic hormone infusion have been analyzed by 
means of an analog computer programed for the 
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equivalent of the differential form of Eq. 21 (63). 
The constant input rate Ri was the production 
rate of corticoids by the adrenal cortex and the 
removai rate was expressed by the equivalent of 
K 

Kinetic studies involving the fitting of ex- 
perimental data to the equivalent of Eq. 14 
or to more complex relationships have been re- 
ported. Paykoc and Powell have been able 
to describe the disappearance of trichloroacetate 
from the blood of humans by Eq. 14 with con- 
stants evaluated (64) 

Portwich and Buttner (65) have fitted experi- 
mentally obtained serum sulfonamide level data 
obtained after intravenous administration of 
drug to the equivalent of Eq. 14. A different two- 
term exponential expression was applicable when 
drug was given orally. The latter equation was 


(exp|—kot] — exp|—t]) 


(Eq. 23) 


where &. was the elimination rate and & the 
absorption rate. This equation assumes in- 
stantaneous attainment of equilibrium between 
drug in blood and drug in other fluids of distribu- 
tion. A reasonable agreement between the theo 
retical curve and experimentally observed serum 
levels was obtained. However, it should be 
pointed out that Eq. 23 assumes that the absorp 
tion process was first order and this is not likely to 
have been the case, since slightly soluble sulfon- 
amides are apparently rate-limited in absorption 
by the solution process at the absorption site (66). 
Solution rate-limited absorption would mean that 
absorption proceeded by a process based on the 
solution rate law appropriate for the case where 
surface area decreased as solution and absorption 
proceeded (67). It is of interest to point out 
that Eq. 23 was used in the same sense as used 
here, i. e., to deseribe body level when absorption 
and elimination rate were both directly depen 
dent on concentration, by Teorell (3). He 
showed that this equation has a maximum corre 
sponding to the time at which maximum body 
level occurred, and also showed the dependency of 
the value of the maximum level on the rate con 
stants and dose. The latter relationship showed 
that maximum serum level was always directly 
proportional to the size of the dose 

Kalow (68) treated excretion rate data obtained 
after both the intravenous and subcutaneous 
administration of tubocurarine in terms of a 
kinetic model proposed by Teorell (3) to deal with 
the case (intravenous administration) wherein 
drug in blood passes to the tissues or other fluids 


of distribution in reversible exchange, drug in 


Pay 
a 
| 
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kidne and drug im 
When 


lv an additional process repre 


blood is eliminated by the 


tissues undergoes destruction lrug was 


given subcutaneou 


senting absorption was involved. Rather good 


agreement was obtained between experimental 


and predicted excretion. When drug was given 


intramuscularly as a suspension in oil and wax, it 


was not possible to describe the excretion rate 


curve by the mathematical expression which a 
counted for passive absorption from the imjection 


Kalow 


reported experimental and clini al 


site 68) was able to explain previously 
observations 
from the results of the kinetic 


using tubocurarime 


study 
The 


plasma ha 


of disappearance of thiopental from 
Plough and his co 


Experimental data were emypin 


rate 
been studied by 
workers (6% 


cally fitted to a three-term exponential expression 


While the fit was relatively good, it is difficult to 
relate equation constants (co ficients of the 
exponential terms and of time) to physiologi il 
distribution or mactivation processes, since a 
number of models could be postulated which 


would, on integration of the differential expres 
ions describing them, also consist of three expo 
ential terms (cf. Eq. 14 and description of the 
values of various constant 


Several investigation of elementary 


considerations in the absorption and elimination 


of sulfaethvithtiadiazole have been reported by 
Swintosk ind his) co-worker 9, TOTS 
The findings in the kinetic studies were used in 
the design ‘ ind « sluation io) Of a sus 
tained release dosage form of the drug \ stud 
was also made on the sulfonamide sulfamethyl 
thiadiazole (74 

The relationship expre sed b Eq. 7 has been 
used to interpret the absorptres everal drugs 
hae ind used a the basi for the ce el »p 
ment of a method (7S) for calculating absorption 


rate from exeretion rate measurement This 


method was based in part on the determination 
of the first and se d derivatives of the cumula 
tive excretion curve 
lhe kinetics of plasma drug level variation with 
time after oral administration of a controlled 
release dosage torn f drug and of drug im 
solution has recently been considered by Wiegand 
and Taylor in An expression was derived 
t swccount for first-order release of drug from 
dosage torn lowed | il ils i 
first order proce with a roti followed by 
con rst rdet re 
excretion and eta The expre 
ion derived for solution dosage did not include 
druv-release from dosage-torm st Phe more 
By 
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complex expression also accounted for the fact 
that only a portion of the dose contained in the 
special dosage form was released exponentially 
\vgreement between dog drug plasma levels ex 
perimentally observed and predicted by the ex 
pression derived for solution dosage was good. A 
less satisfactory fit of experimental plasma values 
to theoretically predicted values was obtained 
rhe 


rate constant used for the absorption step was 


when the special dosage form was given 


eight times as large as the rate constant for release 
of drug from the dosage form, and it seems that 
if this large difference existed the slower step 
release from dosage form) should have been the 
Neither 


expression accounted for stomach emptying as a 


rate limiting one of the two processes. 


process involved in absorption. 


Not previously mentioned here, but of general 
interest in the field of in vivo kinetics, are studies 
on the distribution of insulin between two body 
water compartments (79); rate of exchange of 
substances between blood and extravascular fluid 
80); theoretical consideration of transfer kinetics 
in multicompartment system (SI) concentration 


time course of radio-mercury introduced as a 


mercurial diuretic (S82); kinetics of radio-potas 


sium in circulation (83); absorption rate of water 
from the stomach and small bowel of man (S84) 
a short summary of values of, and discussion on 
half life 103) 


the transfer of blood expanders 


for drug elimination kinetics of 


85); absorption 


of p-aminohippurie acid (S6 vitamin A dis 


appearance from the plasma (87); interpretation 
half-life SS 


kinetics of intravenous epinephrine 


distribution 
the 


of steroid values 
(Su 
injected particulate 


behavior of intravenously 


material (102); radioactive heparin in humans 
to establish a definite correlation between blood 
and radioactivity (90 
121 


radiwactive 


clottimg time studies on 
the kinetics 
By 


termination of 


the disposition of digitoxin 


of the distribution of vitamin 


and a brief review on 


drug action by elimination of unchanged drug 


a The kinetic basis for drug dosage schemes 


has been extensively discussed (100, 101 


\ recent study on the kinetics of the disposttion 
of the 
analog computer for deducing rate constants from 
rhe analog computer 


antibiotic, psicofuranine, made use of an 


experimental data (120 
proved to be a powerful tool in the kinetic analysis 
Rate constants were obtained for a complex model 
the 


absorption 


stomach, 
the 


that included from 


tomach 


absorption 


emptying, intestinal 


reversible diffusion of drug into two body com 


partments, in addition to bleed and urinary 


excretion 


| 
7 
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KINETICS OF DRUG METABOLISM 


Although Widmark (92) reported studies on 
the metabolism of alcohol nearly three decades 
ago, extensive studies on metabolism kinetics 
have been made only relatively recently by Bray 
and his colleagues at the University of Birming 
ham in England (93-99). The studies of Bray's 
group were extensive. Their first studies (4 
were concerned with kinetics of the formation of 
benzoic acid from benzamide, toluene, benzyl 
alcohol, and benzaldehyde, and the conjugation 
of the acid formed with glycine and glucuronic 
acid. The experimental animal was the rabbit 
Rate constants for the oxidation of precursors to 
benzoic acid were obtained by a mathematical 
analysis of the excretion curve which represented 
free and conjugated benzoic acid excretion. They 
assumed, and it proved to be the case, that forma 
tion of benzoic acid from precursor, conjugation 
of benzoic acid, and excretion of the benzoic acid 
conjugate all proceeded by first-order processes 
The processes may be depicted as follows: 

ky 


toluene — benzoic acid — conjugated benzoic acid 


toluene excreted benzoic 
elimination — acid + 
via lungs excreted benzoic 


acid conjugate 


In order to determine the value of &, i. e., the 
rate constant for the formation of benzoic acid 
from toluene, the following procedure was used 
It was assumed that conjugated benzoic acid was 
excreted much more rapidly than it was formed 
and, therefore, excretion was rate limited by 
the formation step. A plot of cumulative amount 
of benzoic acid and conjugates was constructed 
from the measured excretion of these substances 
By determining, at several times after zero time, 
the difference between the ultimate maximum 
excretion of benzoic acid in all forms and excretion 
in the time chosen, they obtained values for the 
amount of toluene remaining in the body that was 
destined to be oxidized to benzoic acid. A semi 
logarithmic plot of these values rs. time gave a 
straight line. The rate constant, A = k + kp, 
in the model shown above was obtained from the 
slope of this line (see Eq. 9 and the discussion 
preceding it). Since the proportion of the 
drug that was oxidized was known, it was easy to 
calculate &, the rate constant for oxidation, from 
the equivalent of Eq. 6. In the experiments 
where benzoic acid precursors were administered, 
glycine was also administered to insure that the 
formation of hippuric acid from benzoic acid 
would not be by a zero-order process 
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The studies with benzoic acid precursors gave 
valuable information on the mechanism of toluene 
oxidation. There was evidence that benzyl 
alcohol was an intermediate in the oxidation of 
toluene. However, it was found that benzyl 
alcohol was oxidized to benzoic acid about three 
times more rapidly than benzaldehyde, the next 
logically expected intermediate. It was apparent 
then that this latter material could not have 
existed as such in the course of toluene or benzyl 
aleohol oxidation. It should be pointed out 
that if the oxidation of benzaldehyde is rate 
limited by diffusion to the site of oxidation this 
conclusion would be invalid. If benzaldehyde is 
an intermediate, it would be formed in situ 
Benzoic acid is conjugated with both glycine 
and glucuronic acid and experiments were con 
ducted to determine the rates of these processes 
Experimental animals were fed benzoic acid and 
the excretion of both metabolites followed. <A 
plet of cumulative amount of hippuric acid 
excreted vs. time was linear, indicating that in the 
range of doses employed, hippuric acid was formed 
by a zero-order process. Formation of the 
ester glucuronide of benzoic acid was by a 
first-order process in competition with zero 
order process resulting in the formation of 
hippuric acid. The value of the first-order rate 
constant, ky, for the formation of the glucuronide 
was deduced in the following manner. A plot of 
benzoic acid excreted in all forms as a function of 
time was constructed. A plot of glucuronide 
excretion vs. time was also constructed. The 
slope of this curve was determined at several 
times and plotted against the difference between 
ultimate excretion of benzoic acid and excretion 
in the same time as determined from the first 
curve. The slope of the last curve was the first 
order rate constant for formation of the glucuron 
ide. The basis for the procedure follows from an 
examination of Eq. 24 
dG/dt = kg Ab (Eq. 24) 


where dG dt was the excretion rate of glucuronide 
and .1/ was amount of benzoic acid in the body 
When the subtraction involving the first curve 
was performed, Ab was obtained. The slope 
determination on the second curve gave dG/dt. 
Hence, k, was the slope of the plot constructed as 
the third curve 

The body level at which first-order kinetics in 
the formation of hippuric acid would be observed 
was calculated. This level was dependent on the 
rate of glycine mobilization by the body 

It has been observed that substantially more 
benzoic acid conjugated with glucuronic acid was 
excreted when humans ingested sodium benzoate , 
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as compared to the amount excreted when they 
acid (104 


was the more rapid absorption of benzoic acid 


invested benzo reason piven 


from sodium benzoate (104 Benzoic acid can 
be expected to be absorbed more rapidly when 
viven as the sodium salt than when given as the 
15 The kinetx 


group allow an explanation for the phenomenon 


free acid studies of Bray's 


observed It can be assumed that a limiting rate 


for mobilization of glvcine exists in the human 


With slow absorption following benzoic acid inges 


tion. the conjugation of benzoic acid with glveime 
could be expected to follow first-order kinetics 
and, since little glucuronic acid conjugate was ex 
creted, this rate was substantially greater than the 
first-order rate of conjugation with glucuron 
acid With larve amounts of benzoic acid im cir 
culation as could be expected to have occurred 
when sodium benzoic acid was ingested, the con 
juwation with glveine could be expected to have 


bod 


in mcrease in 


weeded by i rder proces 


level of benzoic acid would result in 


production of glucuromic acid conjugate because 


the rate of production is the product of the rate 


well as the body level In order for 


ratw of glucuronic acid conjugate 


vlveine conjugate to be observed, it would only be 


necessary that the ratio &,.1/ where is the 


zero-order rate constant for formation of hip 


purate, be yreater than the ratio &, &,, where &» ts 


the first-order rate constant for formation ol 
hippurate for some period of time when zero 
order kinetics described hippurate formation 

Ihe kinetics of the formation of phenols from 


certain precursors were also studied by Bray and 


his co-workers (05 Since the rate limiting step 


in the sequence, precursors —* phenol —* conju 


gated phenol —* excreted conjugated phenol was 


the hydroxvlation to form the phenol, they were 


able t wunalvze metabolite excretion curves m a 
manner similar that emploved with benzo 
void precursor 44) to tind the rate constant tor 
this conversio The materials studied included 
anisole, N-phenvlurea, and benzoxazolone The 
kinet f the conjugation phenols with 
glucuronic acid (%)) and with sulfurte acid (47 
was also studied Phe results obtained indicated 
that the « ugation of phet with glucuronnn 
wid was | i first-order proce Materials 
tudied imeluded henol catechol, resorcinol 
quinol, mand pmethox p-chloro-, and p 
cevanophenols, and 2,6- and 3,4-xvlen-Lols 
conjugation of phenols with sulfune acid im the 


fasting rabbit was independent of the amount of 


shhenol the alx ve i certam bod le vel 

indicating that zero kinetics were followed (97 

However, the simultaneous administration of 
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sodium sulfite or L-cystine, which substances are 
converted to sulfate im vivo, changed the kinetics 
to first order 

\ generalized mathematical treatment account 
ing for the metabolic fate of phenols, benzoic 
acid, and their precursors was presented later and 
accounted for the appearance of both zero-order 
and first-order kinetics in conjugation, depending 
on body level of the material being conjugated, in 
the course of a single experiment (98). Expres 
sions were also presented to calculate the critical 
dose level of both the precursor and of the mate 


rial formed, the latter being conjugated by two 


competitive processes, when zero-order kinetics 
could occur in one of the conjugation processes 
The conjugation of various para-substituted 
henzoic acid with glycine and glucuronic acid, 
the oxidation of para-substituted toluenes, and 
the hydrolysis of para-substituted benzamides 
were the subjects of kinetic studies in other work 
reported by Bray, et al. (99 With adequate sup 
plies of glvcine, where pertinent, all reactions were 
first order. No correlation was found between 
the magnitude of the velocity constants and the 
electronic nature or size of the substituent groups 
Kinetic 


acids and N-tolylureas were also reported (93 


studies on the metabolism of toluic 
Due to slow absorption of tolylureas, conjugated 
metabolite excretion curves were linear for sub 
stantial periods of time during experiments. It 


was established that linearity of the curves re 
sulted from the slow and constant rate absorption 
rather than a zero-order process in metabolism 

Some parts of the work of Bray and his group 
are reviewed in a book (117 

Butler and his co-workers have considered the 
kinetics of the in vivo demethylation of N-methyl 
phenobarbital to phenobarbital (119 It ap 
that 


plasma could be considered as the formation of 


peared appearance of phenobarbital in 


intermediate in a two-step, consecutive, first 


order reaction. The first step of this process was 
demethylation and the second step metabolism 
and elimination of the phenobarbital formed 


Phe kinetics of the excretion of the hippuric acid 


following administration of small doses of 
benzoic acid to humans has been studied by 
Elliott (106) and Elhott and Wu (107 It was 
found that hippuric acid excretion could be 


described as the last step of a three-step consecu 
tive first-order process, the first step of which was 


benzoate absorption from the gastrointestinal 


tract, the second step conjugation with glycine, 


and the third representing excretion of hippuric 


acid. The value of the rate constant for hippurie 


acid formation was different in subjects whose 


pathology indicated liver disorders 


¥ 
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The kinetics of I''Jabeled diiodotyrosine 
metabolism has been studied, using normal hu 
man subjects (108). The kinetic model formu 
lated accounted for plasma level of diiodotyrosine 
and rate of deiodination; saliva level, urinary 
excretion, and thyroid uptake of iodide-I'! 

rhe kinetics of ethanol elimination in man has 
recently been re-examined by Lundquist and 
Wolthers (109, 110). Widmark's early finding 
(92) was that alcohol disappears from the blood 
at constant rate after ingestion of moderate doses 
and their equilibration in body fluids. As re 
viewed by Lundquist and Wolthers (109), 
elimination of alcohol is by metabolism, urinary 
excretion, and by elimination by the lungs. The 
latter two processes involve only small amounts 
of material when moderate doses are administered 
They also point out that at low levels, alcohol 
should not be removed at a constant rate and 
treated, the kinetics of removal to include such 
low levels in the terms of an enzyme-catalyzed 
process. Experimentally obtained alcohol level 
curves were fitted well by the appropriate theo 
retical expressions. 

The rate constants for the conjugation of sev 
eral amino and acetamido benzoic acids have 
recently been reported (111). Both dogs and 
rabbits were employed as experimental animals 

Studies on the kinetics of the excretion and 
acetylation of sulfisoxazole have been recently 
reported (112). The disposition of sulfisoxazole 
in humans was well described by considering that 
the process for excretion of free drug competed 
with the process for acetylation and that both 
processes were first order. Further, that excre 
tion of acetylated drug was the second step of a 
two-step, consecutive, first-order process, the first 
step of which was acetylation. Appropriate 
mathematical expressions to fit this model were 
derived and applied to the experimentally ob 
tained data. -A similar model was found to de 
scribe the same processes for another sulfon 
amide, sulfamethylthiadiazole (113). The dis 
position scheme is shown diagrammatically below 

ke 


sulfonamide — acetylated — excreted 
sulfonamide acetylated 
sulfonamide 


so sulfonamide excreted unchanged 

It was noteworthy that in the case of sulfisoxazole 
acetylation resulted in the formation of a sub 
stance more difficult for the body to remove than 
its precursor. The opposite was the case with 
sulfamethylthiadiazole since acetylated sulfa 
methylthiadiazole was excreted nearly three times 
more rapidly than sulfamethylthiadiazole itself 
The kinetics of the in rive oxidation of tolbut 
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amide to carboxytolbutamide and excretion of 
carboxytolbutamide were the subject of another 
recent study (114). The processes involved in 
the oxidation and excretion were consecutive first 
order. No competitive process was found for the 
oxidation step, nor for the urinary excretion of 
metabolite, since doses of either the precursor or 
metabolite were recovered nearly quantitatively 
in the urine as metabolite. Another study com 
pared the oxidation rates of deuterated tolbut 
amide (N-p-benzotrideuteridesulfonyl 
butylurea) to nondeuterated material. The i 
vive oxidation rate was the same in both cases 
The sequence of first-order processes observed in 
both cases was as follows 
k 
tolbut- — carboxy- — excreted 
amide tolbutamide carboxy 
tolbutamide 

In normal adult humans the ratio of rate con 
stants, &/ A, was about 12 


SUMMARY 


The amount or concentration vs. time course of 
drugs in the body of the intact animal may many 
times be described by mathematical relationships 
derived from first principles concerned with the 
transport of material by diffusion and reaction 
kinetics even though many simplifying assump 
tions are implicit in the derivations. The use 
fulness of quantitative information of this nature 
in therapeutics is obvious but less obvious is 
the potential of such information to help under 
stand the mechanisms by which drugs act, the 
mechanisms by which the body modifies and 
eliminates drugs, and the relationship between 
drug concentration and activity 

Detailed kinetic studies have usually not been 
made in the course of early investigations on new 
drugs but there are indications that they will be 
made more frequently in the future. These 
studies should, at the very least, eliminate much 
routine testing. For example, benzylpenicillin 
in use now for nearly two decades has never been 
the subject of a detailed kinetic study, vet thou 
sands of tests have been made to determine serum 
levels under various conditions of administration 
A detailed kinetic study on not more than 12 
test subjects would provide more information on 
the absorption, distribution, and elimination of 
this drug than all the studies made to now 
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Steroid Borates I. 


Research Articles__ 


Structural Considerations 


By LEWIS J. LEESON, JAMES A. LOWERY, GEORGE M. SIEGER, 
and SIEGFRIED MULLER 


It has been found that alkaline aqueous solutions of various boric acids readily 


solubilize steroid molecules containing a cis-1,2-diol grouping. 


Both triamcinolone 


(9a-fluoro- 16a-hydroxy-prednisolone) and its synthetic precursor “F-3"" (9a-fluoro- 


16o-hydroxy-hydrocortisone) demonstrate this property. 


It is proposed that the 


structure of the product formed between the steroid and alkaline borate involves 


two steroid molecules and one tetrahedral boron atom. 


Some physicochemical 


data are presented to substantiate this view. 


HE RELATIVELY low aqueous solubility of 


adrenocortical steroid hormones has often 


been a hindrance in preparing certain pharma 
ceutical formulations. Chemical modifications 
for increased water solubility have been mostly 
the 21 


Such derivatives as the 21-hemisuccinate, hemi 


confined to variations at carbon atom 
phthalate, and hemimaleate (1) as well as the 
phosphate (2) have been prepared and converted 
to their water-soluble sodium salts. In addition, 
21-pyridinium and diethylaminoacetate hydro 
chloride (3, 4) as well as sodium salicylate com 
plexes (5) have been used to enhance aqueous 
steroids 


solubility of In attempting to find 


water-soluble forms of triamcinolone! suitable 
for pharmaceutical use, the steroid borates were 
this 


be referred to as 


characterized. In 
will often 


prepared and report 
triamemolone (Ib) 
F-4 and its 


triamcinolone 


synthetic precursor, 1,2-dihydro 


la) will be designated as F-3 


CH,OH 
la— Carbons 1,2: CH.— CH; (F-3) 


Ib—Carbons 1,2: CH=CH (triamcinolone: F-4) 


EXPERIMENTAL 


Preparation of F-3 and F-4 Borate Salts with 
Alkaline Tetraborates. Six grams of F-3 was added 


to 50 ml. of 0.12 N aqueous Na,B,O; solution 
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Accepted for publication August 1, 1060 

Lederle Laboratories trade name for 
Aristocort 

The authors are deeply indebted to Mr 
Dr. Stanley Davis, Mr Carl Fogelin, Dr 
Dr Julius Kuck, and their 
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Murtay Halwer 
workers for aid 
| microanalytical data and 
to Mr. William Fulmor and his staff for their help in inter 
preting the ultraviolet and infrared curves on this steroid 
derivative 


respective co 


and cooperation in obtaining the 


After 


was 


mixing overnight, the undissolved material 
removed by filtration, and the filtrate lyo- 
philized. The white solid obtained was recrystal- 
lized from acetone 

Both F-3 and F-4 sodium and ammonium borates 
were prepared in this manner. F-4 sodium borate 
could not be recrystallized. Elemental analyses, 
to be discussed later, are found in Table I 

Preparation of F-3 Cycloborate and Its Cor- 
responding Sodium Salt by the Thomas Procedure 
(6 A solution of 600 mg. of F-3, 3 Gm. of boric 
oxide, and 15 ml. methanol were refluxed for one 
hour. The mixture was diluted with 90 ml. of dis- 
tilled water and permitted to stand overnight at 
room temperature, when 541 milligrams of needle-like 


crystals were obtained and recrystallized from 
acetone-n-hexane 
Sedium hydroxide solution (4 ml. of 0.1 N) was 


added to a suspension of these crystals in methanol 
After shaking for one-half hour, the undissolved 
material was removed by filtration and the product 
was isolated from the filtrate by lyophilization 

Attempts to prepare F-4 borate by this procedure 
were unsuccessful 

Determination of Neutralization Equivalent of 
F-3 Cycloborate.— Potentiometric titrations of vari- 
ous samples of F-3 cycloborate were performed by 
suspending each sample in approximately 20 ml. of 
water and titrating with standard alkali solution 
In all cases it was observed that complete solubiliza- 
tion of the steroid coincided with the potentiometric 
end point 

In ali experiments mentioned in this report the 
titrations and pH values were performed with a 
Beckman model G pH meter equipped with calomel 
ind glass electrodes. All end points were evaluated 
by the method of double derivatives (7) 

Determination of Molar Ratio of Steroid to 
Sodium Tetraborate by Titrimetric Means.— Three 
samples each of F-3 and F-4 were suspended in 20 
to 25 ml. of water titrated with 0.1213 N 
NaB,O; Because of the rate 
at which the steroid is solubilized, it was necessary 
to wait some time until equilibrium was established 
(fifteen to thirty minutes) before the next volume 
of borate solution was added. In all cases, clearing 
of the solutions was observed near the potentio- 
metric erd point. From values the molar 
ratio of steroid to sodium borate was determined. 


and 


aqueous solution 


these 
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| F-3 Borate SALTs 


Empirical Formula 
inal Caled. for 


NaO 


ratio 2 BNaF.O 
is sxdium salt (IIla 
Found on preparation A 
Found on preparation B 
Stermd: boron molar ratio | 
is ammonium salt (Ila 
Steroid: boron molar ratio 
is ammonium salt (Illa 
Found on preparation 


Determination of Molar Ratio of Steroid to CH,OH 
Sodium Tetraborate by U. V. Analysis... To each of C-o0 
ten flasks was added exactly 10.0 mil. of aqueous 
1213 AN mlium tetraborate solution Phese HO 0 
flasks were divided into two group f five and to , lL | 

h flask within a group was added varying 
his resulted in solutions con J F 
ibsolute amount but different 
concentrations of sodium tetraborate Phe volumes H, Na, CHg, ete 
25.0, 40.0, and 75 Ila~-Carbons 1,2: CHe-CH 
of five flask Iib-—-Carbons 1,2: CH=-CH 


nl ro each of the first group 
udded 1 m. of F.3 le to the second group 1:1 Steroid to Boron Structure 


of water added were 0.0, 10 


Gm ntreo ! h mixtures of 
, , In carrying out characterization studies on the 
were mer 
i steroid borates it was felt that using elemental 


mitted t vl fon ototh ith occasional 
vasis of structure was inadequate 


inalysis alone as a 

haking na the excess steroid 

ind unreliable \ccordingly, some physicochemi 

: cal techniques were employed to determine the 
id was determined on 

nature of these complexes \s a result of our 


ometer at 240 my, using 
investigations, general structure III has been pro 


ifter proper dilution, 


osed for the steroid borates 
Determination of Molar Ratio of Steroid to Boric 9” a 


B O—J 


k Pwo mallilites iturated 
introduced 
wit! 


solution 


R-=H, Na, K, NH,, ete. 


Illa—-Carbons 1,2: CH.—-CH, (F-3 Borates 
1,2: CH=CH (F-4 Borates 
2:1 (bis) Steroid to Boron Structure 


The subject of polyol-borate complexes is one in 
which much disagreement ts encountered Numer 
ous investigators (12-19) have studied these mate 
rials and an examination of the literature indicates 
that their structures are not well defined There 
fore, since opimions on the nature of polyol-borate 
complexes are divided with respect to them being 
composed of either a 1:1 2:1 polyol to boron 
molar ratio, this report will discuss all experimental 
data with consideration to both of these structura! 


pentaer 
thoug 
thon 
solubalit 
soluble pr 
During t 
tin possibilities 
Elemental Analysis and Neutralization Equiv- 
alent. The elemental analyses for F-3 sodium and 
unmonium borates are listed in Table I It can 


tructure 
procedure 
salt were 
indicate be seen that these results are not confirmatory for 
either of the two structures proposed, although they 


in 
tend ivor the 2:1 configuration Although 
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Steroid: boron molar ratio 1:1 6.13 $28 24 5.18 
61 21 6.02 4 #2 1.32 2.79 
704 4466 124 3.24 
574i 7.11 $33 2.46 3.19 
61 68 7.15 $65 1.32 1.71 
6142 810 91 1 58 
| 
m ( 
lution of bori ~ 
ind the flasks f 1) Y 
udded t volumetric flask, filled to volume F F 
wit ist d water md the pH of the resulting ie al ‘ : 
lution determined. A similar periment wa 0 
performed wit three F-3 ple 
DISCUSSION 
In t irl tigatt wit triamecin mM like 
teronds, it w recogmized that the Ita-l7a diol 
grouping ule with borte acid in the same 
wal t bwort od nole xe wit! givecerol a 
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elemental analysis is usually an important tool in 
proof of structure, with steroid borates these data 
were considered to be of limited value. The 
reasons for this conclusion are summarized as fol 
lows (a) The bonds between steroid and boron 
are not covalent in nature, but appear to involve 
weaker forces. Thus, analytically pure samples are 
difficult to obtain. (+) In general the presence of 
fluorine in a molecule interferes with the analysis 
for boron (20, 21). (c) The methods of preparing 
F-3 borate (free acid) result in a product con 
taminated with boric acid. This material cannot be 
purified readily 

However, in spite of the above limitations, some 
useful observations may be made from elemental 
analyses listed in Table I, if these data are examined 
in light of the two possible structures. The results 
for sodium and nitrogen agree fairly well with the 
theoretical values for the 2:1 complex whereas they 
are only half the amount necessary to satisfy the 
1: 1 structure However, this material is completely 
water soluble, indicative of salt formation. Further 
more, calculating the ratio of per cent carbon to 
sodium or nitrogen results which more 
markedly demonstrate the greater possibility of a 
2:1 structure. These values are listed in Table II. 

The neutralization equivalent data listed in 
Table III also favor a 2:1 structure since they more 
closely approximate the value of 801 rather than 
that of 410 for the 1:1 complex However, these 
results would be expected to be somewhat low since, 
as mentioned previously, this material was con 
taminated with boric acid. The procedure for 
determining these values, described in the experi 
mental section, was such that any boric acid present 
as a contaminant would be titrated separately with 
an end point at approximately pH 10, since it was 
not complexed with a czs-diol (22). Figure 1, a 
typical titration curve obtained in these experi 


vields 


ments, shows the presence of this possible second 
end point. Furthermore, the initial potentiometric 
end point coincided with complete solubilization of 
the steroid 

The results of the titrimetric neutral equivalent 
experiments appear to be supported by preliminary 
molecular weight determinations? employing a 
vapor pressure-thermistor method in combination 
with conductivity measurements 

Molar Reaction Ratio of Steroid to Sodium 
Tetraborate via Titrimetric and Ultraviolet Analyses. 

One of the strongest arguments against the 1:1 
structure is to be found in the experiments in which 
suspension of F-3 and F-4 were titrated with sodium 
tetraborate. From the potentiometric end points, 
which corresponded well with the observed steroid 


Ratio or Per Cent CARBON TO SopiIuM 
AND NITROGEN 

Ratio of 

Steroid % C/%Na %C/"AN 

to Boron I heory Found Theory Found 

1:1 10.9 

20.6 39.0 


36.0 


* This method was presented by A. Wilson, ef al 
American Chemical Society Meeting-in- Miniature 
Hall, East Orange, N. J.. January 1959 


at the 
Seton 
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or F-3 CycLOBORATE WITH 
Di_ute Agugous Soptum HypDROXIDE 


Sample Base End Neutral 
Weight, Employed Point, Equiv 
mg \ ml alent 
344.3 0.0815 5.441 776 
446.2 0.1186 4.788 786 
275.0 0.0819 4.210 745 
TABLE IV.—-MoLar Ratio or Srerormw to Soprum 


TETRABORATE BY TITRATION 


Moles 
Moles NarB.O Molar Ratio 
Steroid Used of Steroid 
Steroid x 10% x 10°4 NarBuQh 
F-4 1.25 4.14 3.0/1 
2.41 7.99 3.0/1 
1.35 4.74 3.0/1 
F-3 1.80 6.23 2.9/1 
2.48 8.42 2.9/1 
2 6S 9.18 2.9/1 


solubilization, the molar reaction ratios of steroid 
to sodium tetraborate were determined. In Table 
IV it can be seen that the molar combining ratio of 
either F-3 or F-4 to sodium tetraborate was found 
to be 3:1. These results raise serious doubts con- 
cerning a structure based on a 1:1 ratio of steroid 
to boron (Ila and b), for although there are a suf- 
ficient number of boron atoms present for such a 
structure, there are only two sodium atoms available 
to solubilize three molecules of steroid 

A molar reaction ratio of three to one, however, 
although not confirmatory, does not negate the 
structure proposed by the authors (IIla and b), 
since the reaction between steroid and sodium 
tetraborate could also be projected as follows: 


OH (17) 
6 Steroid + 2Na.B,O; > 
OH (16) 
0 
3 | Steroid B Steroid Na® 


oO 0 
+ + NaB;O, 


There is no reason to believe that the reaction 
between steroid and sodium tetraborate necessarily 
involves a complete combination of the two mate 
rials, and the formation of sodium pentaborate as a 
reaction product might be used to balance the 
equation If this were the case, it could be asked 
why the pentaborate did not react with another two 
moles of steroid resulting in an overall reaction 
involving a molar combining ratio of 4:1 as shown: 


JOH (17) 
4 Steroid + N wBy 
OH (16) 
oO Oo 


2 | Steroid B soon Na® 


+ 2H,BO, + H,O 


The formation of two moles of boric acid in the 
above reaction is to be expected since it was demon- 
strated by Kahlenberg and Schreiner that aqueous 
sodium tetraborate solution is equivalent to equi- 
molar amounts of sodium borate and boric acid (2° 


‘ 
‘ 
Ase 
22.0 
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fact 


answer to 
ould 
is not nearly as strong 

24 \ 1 result 
pentaborate 
effective 
the titration 
To test 
the determination of 


reacting ratio 
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sult as the tetra 
concentration of 
for it to 
time required 


was not 
li 
Ikaline 
borate the 
two low be 


wt 


may have been 


in the comparatively she 
for 
imlity of a 4 


the 


the po | combining ratio, 
ratio of steroid to 


Vv ultraviolet 


molar 
odium tetraborate 
In this 
of 
various F-3 
the 


Sis Was per 
formed. 
total 
to solubilize 


iltthough the same 
tetraborate 
ind F-4 


solution 


experiment, 


imount odium was employed 
samples, the borate 
concentra 
ite that 
solutions the 
of sodium tetra 


In general, the borate 


was present 


The 


in in varying 


lable V, 
tetraborate 


tron results, seen in 


concentrated 


ALKALI ADDED 


Fig. 1 Titration of the F-3 borate suspension 
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concentrations decrease, the ratios vary from 4:1 
to and 4:1. These fractional 
values in the dilute solutions might be attributed 
to some solubilization by the pentaborate formed, 
since im were 
permitted to equilibrate for from two to three days 
This is a longer period than the time required for the 
previously titrations. The possibility of 
this solubility being a result of decomposition has 
been negated by stability studies of these complexes 
Over a pH range of 7.5-10 steroid borates are stable 
for the time periods mentioned above 

The determination of a four to one molar reaction 
ratio further emphasizes the inadequacy of a 1:1 
structure in this four 
steroid molecules are being solubilized by two atoms 
of sodium As mentioned previously, however, 
although this is proof by negation, the 4:1 com- 
bining ratio can be explained in terms of the bis- 
steroid tetrahedral boron structure 

Ratio of Steroid to Boric Acid by the Béeseken 
Techniques. In the literature numerous references 
can be found concerning the molar combining ratio 
(12-16 however, the 
most complete and generally accepted work in this 
field is that of Béeseken, ef a/. (8, 17-19, 25 In 
his investigations, three different physicochemical 
techniques were employed for determination of the 
molar combining ratio of polyols and boric acid, 
with all methods yielding the same results. Of the 
three the readily 
adaptable our problem involved the measure 


values between 3:1 


these experiments the suspensions 


described 


steroid borate since case 


of polyols and boric acid 


techniques, 
to 
ment of pH values of aqueous solutions of polyols 


procedure most 


ind boric acid. 

Béeseken based this technique on the difference 
in pH two containing 
identical amounts of boric acid, but varying 
diol. Equation 1 was 
i function of these conditions 


values between solutions 
con 
centrations of o derived 


as 

—A pH n/2 log a (Eq. 1 
A pH, difference in pH between two solutions con 
identical concentrations of boric and 
varving concentrations of crs-diol (steroid); a, ratio 
of crs-diol concentrations in the two solu 
tions n, cis-diol (steroid) per mole of 


taining acid 
steroid 
moles of 
acid 

Using this experimental technique, the pH values 
listed in Table V1 were obtained with various solu 
of steroid and boric acid. Employing Eq. 1, 
n were calculated These results, found 
lable VII, show that within experimental error 
for F-3 and F-4 
steroid tetrahedral boron configuration 


bork 


tions 
values of 
in 


the 4 


value of » is 2, in agreement 


with the 41 


1 DATA POR EQUATION 1 


Molar Ratio 
of Steroid to 
Boric Acid 
141/1 
Oo72/1 

l 


oncentration 
Acid 


4 
of Bork 
mil 


of Steroid 
mil 
“74 

0.029 


O14 


0 0340 
0 123 


|__| 
in t 
molar 
borate are four to on, is 
/ 
| 
| 
| 
| 
First End 
‘ tan Clarity Observed Mere ‘ 
} 4 
60h 
é 8 ‘4 
ML. 01 
Ti 
\ me of ; 
ition 
(Contaming sterond 
12 me solubilized 
20) 
S451 
‘ i) 4 
| 
4 
+ 
4 Weight of 2 
Number i Gm 
F-4 l $31 3370 th 
1721 
O710 71.9 47 0 150/10 
4 0 1630 47 | 1.0 3 
ts 0. 5806 47 1.0 
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TABLE TABULATION OF DATA OBTAINED 


UsinG EQuartion 1 
Ratio of Average n 
Steroid fi) and 
Sample Concen Standard 
Combina trations Deviation 
tions a 4 pH n s) 
F-4 l and 2 1.96 0.34 2.32 fi =2.06 
l and 3 $83 0.69 2.02 s=0.2 
l and 4 10.15 1.07 1.82 
2 and 3 2.47 0.35 1.79 
2 and 4 5.18 0.73 2.04 
3 and 4 2.10 0.38 2.36 
F-3 and 2 2.2 0.35 1.96 n= 1.99 
l and 3 3.62 0.56 2.00) s=0.02 
2 and 3 8.20 0.91 2.00 


SUMMARY AND CONCLUSIONS 


1. The preparation of water-soluble sodium 
and/or ammonium borate derivatives of 9a 
fluoro-l6a-hydroxy prednisolone (triamcinolone) 
and Ya-fluoro-l6o-hydroxy hydrocortisone has 
been described 

2. A number of analytical and characteriza 
tion studies on these borates have been carried 
out in an attempt to learn more about their 
chemical nature and to prove their structure 
Of two possible alternative structures, II and 
III, the latter appears to satisfy most ade- 
quately all of the experimental data 

3. Experimental techniques used as a basis 
for selection of the most acceptable steroid borate 
structure include: (a) Microanalytical elemental 
assays emphasizing carbon to sodium and car 
bon to nitrogen ratios. (+) Molecular weight 
determinations by a titrimetric neutralization 
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equivalent method. (c) Determination of com- 
bining molar ratio of steroid to boric acid by the 
Béeseken techniyue. (d) Evaluation of the 
stoichiometric combining quantities of steroid 
and sodium tetraborate by titrimetric and ultra- 
violet analyses. 
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Study of the Polyvinyl Alcohol-Borate-lodine 
Test Papers 


Complex II. 


By ANTHONY J. MONTE-BOVI and JOHN J. SCIARRA 


Boric acid and acidified solutions of borates have been qualitatively detected by the 


time-honored test utilizing 
some difficulty in its interpretation. 
of this test may be misleading. 


“turmeric paper.” 
Unless certain precautions are taken the results 


Recently, it was shown that solutions of 


While adequate, the test does present 


»lyvinyl 


alcohol and iodine would produce a biue color when added to solutions of borates. 
Strips of filter paper impregnated with a solution of polyvinyl alcohol and iodine, 
and allowed to dry, also give a blue color when a drop of acidified borate is added. 
However since starch will also give a blue color in the presence of iodine, samples of 
borate containing starch (borate dusting powders, powdered boric acid) must be 
first treated with pancreatin or other enzymes which will render the starch inactive 


against iodine. 


The same principles can be extended to the use of a paper impreg- 


nated with a solution of pe ye alcohol and boric acid for the detection of iodine; 


while paper impregnatec 
for polyvinyl alcohol. 
polyvinyl! alcohol. 


with boric acid and iodine can be used as a qualitative test 
Starch must also be rendered inactive when present with the 
These test papers provide a rapid, reliable, and accurate means 


for the detection of borates, iodine, or polyvinyl alcohol. 


PAPER has been used for manv vears 


RMERIC 
for the acid 


this test 


qualitative detection of born 


borates W hile 
difficulties and 


and other ule juate 


does present some unless inter 


preted correctly, the results may be misleading 
When utilized according 


by the 


to the method supe sted 


official compendia a drop of 5 


per cent boric acid (pH about 5 at ambient room 


temperature) when touched to a strip of turmeri 


paper, darkens the paper but not any more 


than a drop of distilled water (pH about 5 at 


ambient room temperature rhe darkening of 
in effect, due to the wetting 


to the 


the turmeric paper 1 
action of the solution and not due borate 


lifficult 


guish 


present At this pownt it ts practi 


distin between the 


with the 


call impossible to 


turmern paper mormstened bor acid 


solution and the paper morstened with the dis 


tilled water pon drving, however, the turmeric 


paper with the bork ded does show a 


very faint, pale pink or ape ie discolora 
official this 


heins 


tion mpendia describes 


color as brownitsh-red which may be 


misleading since the color seems to be more of a 


pastel shade of a peach or flesh-pink hue. The 


turmeric paper wetted with water dries » its 


winal ow color, without anv sign of dis 


coloration Re ym ited tests have indicated that 


it 1s better to mterpret the test after the turmeric 


been dried Examination of the spot 


produced under magnification, with an ordinary 


hand magnifier or reading glass, aids in detecting 
the flesh-pink discoloration 

rhe official directions for this test specify that 
a drop of ammonia T. S. be added to the spot 
produced on the turmeric paper by the addition 
of boric acid. A pronounced change in color 
occurs although the color produced is very similar 
to the color produced when a drop of ammonia 
r. S. is added to turmeric paper without the 
Instead of thi 


color suggested bv tiie 


boric acid spot “xpected “‘green- 


ish-black official test, 
the color seems to be more of a faint or pastel 
shade of olive-green. It is difficult, at this point, 


to differentiate between the spot produced by 


the ammonia T. S. on the boric acid-turmeric 


paper, and that produced by the ammonia T. 5 
m the turmeric paper wet with distilled water 
Upon drying, the olive-green color is gradually 
lost and the color of the spot before the addition 
of the flesh-pink 


with the 


ammonia TS. ts restored, e. g., 


boric acid-turmeric paper, and yellow 


with the turmeric paper alone 


Borates (sodium borate and sodium perborate) 
when acidified with hydrochloric acid to a pH 


f about 5 at ambient room temperature, give 


essentially the same results. While this test is in 


common use, the results obtained are question 


ible 


Recently, it was noted that polyvinyl alcohol 


and iodine solutions produced colors ranging 


from wine-red to deep blue-black when reacted 


with acidified borates (3), the color produced 


depending upon the concentration and grade of 


polyvinyl alcohol used This reaction was used 


is a basis for the qualitative detection of boric 


cid and borates (4 
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In light of the above developments, it was 


decided to prepare test papers impregnated with 
solutions of polyvinyl alcohol and iodine and to 
test the performance of this paper as a rapid, 
accurate, and reliable method for the detection 
of borates 


EXPERIMENTAL 


Preparation cf the Test Paper. Sheets of porous 
filter paper which in itself did not produce a blue 
color with iodine (e. g.. Whatman No. 3 MM and 
Whatman No. 40 or their equivalents) were utilized 
as the base for the polyvinyl] alcohol-iodine solution 
The paper was then streaked or dipped into a solu 
tion containing equal parts of 0.1°;) iodine solution 
and 2‘; polyvinyl! alcohol, allowed to air dry, and 
then cut into small strips of convenient size. When 
kept in a tightly stoppered bottle, the test papers 
retained their characteristics for at least one year at 
room temperature. To date no evidence of decom 
position has been noted. The color of the dried 


filter paper strips varied from the original white 
color to a light to medium reddish-brown color 
depending upon the concentration and grade of 
polyvinyl alcohol used 
given in Table I 


The colors produced are 


Tasie I.—Coror or PV A—lodine — Borate 
ComMPLEX 


Polyvinyl 
Alcohol—- 


Color of Filter Paper 


Grade PVA +I PVA + ly + Borie Acid 
Elvanol¢ Wet Dry Wet Dry 

0-42 Red Lt. brown Lt. blue Color faded 
brown 

51-05 Red Lt. brown Lt Liu Color faded 
brown 

52-22 Red Lt brown Lt. blue Color faded 
brown 

70.05 Yellow White Nochange Nochange 

71-24 Yellow White No chang Ne change 

71-30 It green White No chang No change 

72-51 Yellow White » Nochange Nochange 

72.00 Yellow White ' Nochang No change 

Vinol 

PAS Red Lt brown Lt. blue Color faded 
brown 

PA-20 Red Lt brown Lt. blue Color faded 
brown 

PA-40 Red Lt brown Lt. blue Color faded 
brown 

PA.100 Red Lt. brown Lt. blue Color faded 
brown 


FH.100) Yellow 
FH.400 Yellow 


Nochange Nochange 
FH.500 Yellow Colorless 
4 


olorless 
olozless Nochange Nochange 
Nochange Nochange 
FH Vellow olorless 
Yellow 


FH.1500 Vellow 


Nochange Nochange 
olorless Nochange No change 


olorless Nochange Nochange 


* Elvanol, EI. duPont de Nemours and Co, Inc, Wil 
mington YS, Del 
* Vinel, Colton Chemical Co., Cleveland 14, Ohio 


Preparation of Solutions. The iodine solution 
was prepared by dissolving 1 Gm. of todine U.S. P 
in enough distilled water (containing 2 Gm. of 
potassium iodide U.S. P.) to make 1 L. of solution 
The polyvinyl alcohol solutions were prepared by 


dissolving 2 Gm. of the appropriate polyvinyl 
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alcohol in enough water to make 100 ml. of solution 
Most of the solutions must be heated to a tem 
perature between 80-95° to effect complete solution 
(5,6). Others will dissolve at room temperature 

Just prior to impregnating the filter paper, these 
solutions were mixed in equal quantities and used to 
prepare the test papers 

Testing Procedure...A drop of 5°) boric acid 
solution was added to the polyvinyl! alcohol-iodine 
test paper. The colors produced are noted in 
Table I 

The procedure was repeated using solutions of 
sodium borate and sodium perborate acidified with 
hydrochloric acid to pH of about 5 at ambient room 
temperature. Similar results were obtained 

In order to increase the intensity of the blue color 
produced the procedure was repeated using several 
grades of polyviny) alcohol at a concentration of 
10%; Elvanol 51-05 and Vinol PA-20 were selected 
as representative grades of partially acetylated 
polyvinyl alcohol Other partially acetylated 
grades are also suitable for use. These results are 
shown in Table II. 


Il.—Sensitivity or PV A* — 1, Test PAPER 


Concen 
tration of Color of Filter Paper 


Boric Acid Elvanol 51-05 Vinol PA-20 
wy Wet Dry Wet Dry 


0 Red Red Red Red 
brown brown brown brown 

1 Slight blue Slight blue Slight blue Slight blue 

2 Lt. blue Lt. blue Lt. blue Lt. blue 

; Deep blue Deep blue Deep blue Deep blue 

i Deep blue Deep blue Deep blue Deep blue 

> Deep blue Deep blue Deep blue Deep blue 


* Ten per cent PVA 


Starch, if present, may give a blue-black color 
with the iodine in the test paper. With higher con- 
centrations of polyvinyl! alcohol the iodine is com- 
bined as a complex with the polyvinyl alcohol 
and will not give a blue color with starch. In 
the event that free iodine is present in the test 
paper then boric acid and borate samples con- 
taining starch must be treated. A drop of iodine 
T. S. was added to the boric acid or borate solution 
suspected of containing starch. If starch is present 
a blue-black color would form. This solution should 
be made slightly alkaline (pH about 8) with dilute 
sodium hydroxide T. S. followed by the addition of 
about 0.05-0.10 Gm. of pancreatin N. F. (one part 
pancreatin to 25 parts starch). This is then heated 
to 40° for five to ten minutes. The starch should be 
completely hydrolyzed to maltose by this treatment 
and will no longer give a blue-black color with iodine 
T.S.. The resulting solution is reacidified to pH of 5 
and applied to the polyvinyl alcohol-iodine test 
paper. In this procedure it is essential that an 
excess of pancreatin in amounts to hydrolyze the 
starch be maintained 


DISCUSSION 


As can be noted from Table I only certain grades 
of polyvinyl alcohol produce a blue color with 
borates in the presence of iodine. It has been found 
that the partially hydrolyzed or partially acetylated 
grades of polyvinyl alcohol give the characteristic 
blue color with borates and iodine. Table III 
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Ill Per Cent Hyprorysis oF 
ALCOHOLS 


Crade Viscosity, Hydrolysi 
Elvanol 
35-45 87 
14 
-22 21-25 SU 
oo 100 
41-24 23-28 97 4 
2-51 07 .7-98.4 
724) 100 


PAS SU 
PA-2O 10-25 SU 
PA40 35-45 SO 
PA-1U 110 
$4 5-100 
FH-400 22-32 os 5-100) 
FH-600 Os 5-100 
FH mr is. 6 
140-155 5-100 


hows the per cent hydrolysis of some ot the common 
grades of polyvinyl alcohol « mimercially available 
Viscosity is included in this Table only to potmt out 


the differences among the various gr ides m each 


group 

While a 2' polyvinyl alcohol solution gives 
somewhat satisfactory results it has been found that 
solution will increase the sensitivity of the 
test so that solutions containing at least 2°, of bo 
rate present can be readil letected A ll‘, con 
centration produces positive re sults although not as 
pronounced as the higher concentrations of borate 

As would be expected, paper impregnated with a 
mixture of equal parts of 5 boric acid and 2' 
iyvinvl aleohol partially it lated grade su h 

Fivanol 51-05 or Vinel PA-20) solution can be 
used to detect todine in ution ince a drop ol 
jodi lution added to this paper will produce a 
blue color, the intensity of which will depend upon 
the concentration of iodine in the solution being 
tested In making this test paper it is better first 
to add the boric acid solution to the paper, allow it 


to dry, then add the polyvinyl ale ol solution, and 
gain allow to dry Boric acid will cause a pre 
cipitation of p Ivvinvl aleohol when in high con 
centration 


Paper impreg ited with a mixture ol equal parts 


of 5°) boric acid and 0.1 iodine (1 Gm. iodine, 
2 Gm. potassium iodide per I solution when 
illowed t drv can be used to detect polyviny! 
alcohol m lution, since a drop of such solutions 
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will produce a distinct color In this case the color 
produced will vary not only with the concentration 
of the polyvinyl alcohol but also with the various 
commercially available grades which differ in the 
percentage of acetyl groups remaiming in the poly 
vinyl alcohol polymer. In such cases it is advisable 
te run a series of control tests using the various 
grades of polyvinyl alcohol Starch may also 
interfere and therefore must be rendered inactive 
by the use of pancreatin, as previously described 


SUMMARY 


i. A test paper consisting of polyvinyl ales 
hol and iodine has been developed and found to 
be useful for the qualitative detection of boric 
acid and borates. This test paper has been found 
to be reliable, accurate, and rapid as compared 
to the use of turmeric paper test 

® Additional test papers consisting of poly 
vinvl aleohol-boric acid and boric acid-iodine 
have been developed. These have been found 
useful for the detection of iodine and polyvinyl 
alcohol, respectively 

; It has been found that the partially 
hydrolyzed or partially acetylated grades of 
polyvinyl alcohol produce a deep blue color with 
borates. Therefore, it is suggested that a grade 
of polyvinyl alcohol in this group be used for the 
detection of borates 

}. While a 2 per cent polyvinyl alcohol solu 
tion has been found to yield satisfactory results, 
it is suggested that a 10 per cent solution be used 
for this purpose 

5. Starch, if present as an interfering sub 
stance, can be rendered inactive by digestion 
with pancreatin or other starch digesting en 
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Analysis of the Alkaloid Content of Ergot 


By THOMAS G. ALEXANDER and DANIEL BANES 


A new procedure for the assay of ergot is presented. Total alkaloids are extracted 


with ammonia-methanol-chloroform and water-soluble alkaloids are separated by 


column chromatography. 
determined colorimetrically. 


Total and water-soluble ergot alkaloid contents are 
The relative concentrations of ergonovine and 


ergonovinine in the water-soluble alkaloid fraction are estimated by expe chro- 


matography. 


T= NATIONAL FORMULARY method (i) for the 
determination of the alkaloid content of ergot 
has several drawbacks. Extraction of total 
alkaloids from the ergot is sometimes incomplete 
under the conditions prescribed, and emulsions 
are often formed during the extraction, making 
the procedure tedious and time-consuming. In 
a collaborative study on a modified version of the 
N. F. procedure, Strong and Maurina (2) found 
a lerge variation in results reported from different 
laboratories for the alkaloid content of ergot 
samples. This study was undertaken in an effort 
to reduce variability in assay, and to permit a 
more accurate evaluation of ergot samples with 
respect to their ergonovine content 

Various methods for extracting alkaloids from 
ergot were investigated (3, 4, 5). The method 
proposed here involves a simple extraction of 
total alkaloids by shaking ergot with two im 
miscible solvents. Water-soluble alkaloids are 
then separated from water-insoluble alkaloids 
by a column chromatographic procedure based 
upon the findings of Levine (6) and Banes (7) 
Relative concentrations of ergonovine and er 
gonovinine in the water-soluble alkaloids fraction 
are estimated by means of a paper chromato 
graphic procedure adapted from that described by 
Levine and Fischbach (8) 

The classical chromogenic reagent, -dimethy] 
aminobenzaldehyde (9), has been employed for 
the colorimetric assay of ergot alkaloids since 
its use was first proposed by Smith (10). Burn 

1) has suggested that the temperature be con 
trolled carefully during addition of the p-di 
methvlaminobenzaldehyde solution in the deter 
mination of ergot alkaloids. When two volumes 
of p-dimethylaminobenzaldehyde T. 5S. are mixed 
with one volume of an aqueous solution of an 
ergot alkaloid, the temperature rises rapidly, 
and the intensity of the blue color developed 
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The new procedure yields higher values for water-solu 
content than does the current N. F. procedure. 
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ie alkaloid 


in replicate tests is variable. If the flask is 
swirled continually during slow dropwise addition 
of the reagent to the alkaloidal solution, the color 
intensity may be increased by more than ten per 


cent. Reproducibility is improved and maxi 
mum colors are developed when the flask is 
cooled in an ice bath during dropwise addition of 
the reagent. (This was especially true in the 
presence of materials which may char, such as 
sugars.) These precautions were observed in 
devising the proposed method 


ASSAY PROCEDURE 


The whole procedure, including paper chro- 
matography but excluding the assay of total alka- 
loids, must be carried out on the same day and in 
subdued light 

Extracting Solvent.—Dissolve 10 ml. of am- 
monium hydroxide, reagent grade, in 90 ml. of 
methyl alcohol and mix with 900 ml. of chloroform 

Color Developing Reagent...U. S. P. XVI p- 
dimethylaminobenzaldehyde T. S. (12) 

Standard Solution...Weigh 6.78 mg. of ergo 
novine maleate U. S. P., dissolve in 1°) tartaric 
acid solution, and dilute to 250 ml. with water 
This solution contains the equivalent of 20 mcg 
ergonovine per ml 

Diatomaceous Silica Support. Boil 150 Gm 
chromatographic siliceous earth' with 1 L. hydro- 
chloric acid (1 + 1) for ten minutes and cool 
Then wash with water to remove acid and dry in 
oven at 100°. The washed product should give no 
test for acid when moistened 

Chromatographic Tube. Prepare chromato 
graphic tube from 25 X 200-mm. test tube. Fit it 
with a packing rod about 400 mm. long, having flat 
head 22-23 mm. in diameter. Place a small wad of 
glass wool in the bottom of the tube 

Extraction of Alkaloids. -Weigh 5 Gm. of ergot, 
ground to No. 60 powder, into a 125-ml. separator 
Add 50 mil. of extracting solvent and shake vigor- 
ously for five minutes. Add 50 ml. of chloroform 
and 2 ml. of water, shake gently, and allow to settle 
Draw off the lower phase as completely as possible, 
and filter through a plug of glass wool into a 200-ml 
volumetric flask. Add another 20 ml. of extracting 
solvent to the ergot residues in the separator, mix, 
idd 20 mil. of chloroform and shake. Filter the 
lower phase through the glass wool into the volu 
metric flask. Repeat rinse procedure once with an 


Celite No. 545, Johns Manville Co 
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viditional 20 ml. of extracting solvent and 20 ml. of 
chhorotort Tnlute the combined extract to 
ml. with chloroform and mix 

Preparation of Total Alkaloid Solution. Evapo 
rate a 256ml. aliquot of the chloroform-ammonia 
extract Hution to dryne it a temperature not 
exceeding 40 If desired, dried sample may be 
tered overnight in a refrigerator for continuation 
of assay’ Dissolve the residue in 20 ml. of ether 
ind transfer to a 125-ml. separator with the aid of 
three ml portion f ether followed by 5-ml. and 3 
nl. portions of approximately 0.2 sulfuric acid 
lo check for complete transfer, add 2 ml. of acid 
te flask and examine under ultraviolet light here 
hould be no fluorescence Shake and draw off the 
wid laver into volumetric flask throug! 
plug of gla wool Extract the ether laver with 
ind 3-ml. pertions of 0.2 N sulfuric acid 
Combine the acid extract and washings and diluts 
te 25 ml Hution is the Assay Preparation 
of 1 I/k 

Preparation of Water-Soluble Alkaloid Solution. 
Place 5G f chromatographic siliceous earth and 
5 ml. of O.1 M citric acid in a beaker Mix thor 
oughly until mixture appears fluffy and uniform, 
ind transfer to the chromatographic tube lap 
ide of tube gently to let mixture etth Pres 
down firm ind evenly wit packing rod Phen 

i G iliceous earth with 2 ml. of water and 
pack t ixture on top of the acid trap. Finall 
place a layer of gla ‘ | top of the column 

Evaporat aliquot of the chloroform 
in nia extract to dryne it a temperature not 
exceeding 4 There should be no odor of am 

nia or { lvent lhissolve the residue im 10 ml 
f chlorofor ind transfer quantitatively to the 
icid trap column with the aid of several small por 
tion ‘ rofor Wa down the sides of the 
chr tograp! tube wiht chlorofort ind then 
elute water-insolubl ilkaloid with 125 mil. of 
water-saturated chloroforn Inspect for proper re 
tention of water uble alkaloids by very briefly 
| ling the column under an ultraviolet lamp \ 
brightly fluorescent blue ring in the citric acid laver 
indicates that the ergonovine has been properly 
retained Discard eluen gla wool cover 
Extruck taining sample with very genth 
‘ir presst toad beaker, mix with 5 ml. of 
Ww aliu bicarbonate, the mix with enough 
thheeous eart t ike vorkal mixture and 
tra eT quantitativel t tive cnr it graph 
tubs ki king and st vit i small 
iment for mit bea ke Add enough 
us t ulsorb t Lf d transfer 
tot ul vit Pass 

) { wate turated « for through the 
1 t 1 pauratog 
cont g it \ 
Te Kx im inder tr et la t 
check for ny ‘ fw ible k 
loids from the u Phe ule be fluor 
cence lue t eTg k 

Shuke t t iw 

lf after ling fiftes t 
t t | 
g of ke 
until it dissolve Ir rt ug 
the outh of the separator int - umetrn 
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flask. Rinse first separator and then chloroform 
with 5-ml. portion of approximately 0.2 N sulfuric 


udd the rinse to the acid solution in the vol 
umetric flask. Repeat rinse twice. Dilute the com 
bined acid extracts to 25 ml. and mix. This is the 
Assay Preparation of Water-Soluble Alkaloids 
Development of Color. Transfer 5.0-ml. aliquots 
of Assay Preparations and of Standard Solution to 
separate stoppered Erlenmeyer flasks. Immerse in 
bath and add, dropwise, 10.0 ml. of Color 
Developing Reagent with constant swirling. Allow 
to stand at room temperature for forty-five to sixty 
with mixing the 
ibsorbance in a suitable spectrophotometer, at 550 


and 


im wwe 


minutes occasional Determine 
imu, using as reference blank a mixture prepared by 
adding 10.0 ml. of reagent to 5.0 ml. of 0.2 N sulfuric 


reid 


Calculations. Total alkaloid content as per cent 
ergotoxine O.150 & A/S, where A is the absorb 
ince of the aliquot of Assay Preparation for Total 
I/kaloids and S is absorbance of the Standard 
Water-soluble alkaloid content, as per cent ergo 
novine 0.01333 * A/S, where A is the absorb 
ance of the aliquot of Assay Preparation of Water 
Solul I/kaloids and S is the absorbance of the 


Standard 


PAPER CHROMATOGRAPHIC 
PROCEDURE 
Developing Solvent..-Mix 1) ml. n-butyl 
wetate, 50 ml nitroeth me, 5O ml. ethylene glycol 


monoethyl ether acetate (Cellosolve acetate), 8 
ml. pyridine, and 10 ml. water. Discard aqueous 
phase 

Immobile Solvent...Prepare pH 6 sodium hy 
droxide-potassium phosphate buffer (13 


Dissolve 6.78 mg. ergonovine 
of alcohol This solution 


of 2.5 


Standard Solution. 
i t ‘ I Pp 


2 mi 
contains the 


equivalent 


mal in 
ergonovine 
per aL 

Chromatographic Tanks. — Assembly 
for ascending paper chromatography 
inch 2 Blotter must 
Ascending paper chromatographic 


apparatus 
with X 8 
used 
ind 


sheets paper liners be 
techniques 
upparatus have been described in detail by Mitchell 
14 
Preparation of Sample.Render alkaline with 
bicarbonate a 20-ml. portion of Assay 
rration of Water-Soluble Alkaloids, and extract 
ilkaloids four 10-ml. portions of chloroform 
Evaporate combined extracts to dryness at a tem 


Hi) Just before spotting 


sodium 
Pre 


with 


perature not exceeding 


dissolve residue in 0.5 ml. of alcohol 

Procedure. Equilibrate developing solvent in 
tank for thirty minutes. Pour onto marked 8 XK 8 
inch paper about 10 ml. of buffer solution. Blot 
wit paper towels to remove excess motsture 
Quickly spot 1, 2, and 5 wL. of standard solution and 
5 and 10 gL of sample solution. Moisten spots 
with water from a capillary tube \ spot at edge 
of paper of methyl red indicator in alcohol will aid 
in locating solvent front. When paper feels moist 
ind limp, but not so wet as to transter water to 
the fingers, place in tank When solvent front ts 
vithin an inch of the top of the paper, remove and 
dr in wal Examine under ultraviolet lamp 

Arthur H. Thomas ( Ne O77, has been found suit 


| 
| 
i. 
= 


50, No. 3, March 1961 


TABLE I 


Sample 
Method of Assay No. 2 
0. 
0. 
0.0123 
0.0123 


percolation and separation 
percolation column separation 
lase extraction N. F. separation 
ase extraction column separation 


> 


I 


* All assays by the same analyst 


Blue fluorescent spots of ergonovine appear about 
one-third to one-half the distance from starting line 
to the solvent front with ergonovinine spots immedi 
ately The water-soluble alkaloids are 
equally fluorescent, thus a rough estimation of 
ergonovine and ergonovinine contents can be made 
by comparing the intensity of fluorescence of various 
sample spots with those of the standard spots 


ahead.* 


RESULTS AND DISCUSSION 


The ammonia-methanol-chloroform combination 
proved the most effective of the extracting solvents 
compared. Some ergot residues from the N. F 
method of percolation were extracted a second time 
by shaking. As much as 5°; of the total alkaloids 
were extracted from the residues. In the case of the 
two-phase shaking method no more than 0.5"; of to 
tal alkaloids or 1; of the water-soluble alkaloids were 
ever recovered in a second extraction. The variation 
in collaborative results reported by Strong and 
Maurina (2) may be due in part to the inefficiency 
of the single-phase extraction process. The inade 
quacy of the percolation method is further indi 
cated in Table I which compares the two methods 
of extraction. Table I also shows that the N. F 
and chromatographic column methods for the isola 
tion of water-soluble alkaloids yield similar results 

The findings recently reported by Vining and 
Tabor (15) corroborate our conclusion that a two 


COMPARISON OF RESULTS OBTAINED BY 
SEVERAL ANALYSTS" 


Il 


Sample No. 3 Sample No. 7 


Water Water 


Total Soluble Total Soluble 

Analyst Alkaloids Alkaloids Alkaloids Alkaloids 
l 0). 188 0.0160 0.201 0.0204 
0.188 0.0162 0. 206 0. 0208 

0.195 0.01638 0. 0208 

0.195 0.0163 0. 0208 

0164 0.0211 
O167 0.0213 
O170 
O159 
O163 
O16] 
O161 
0163 
0164 
0163 


0. 180 0.0204 
0.181 
0. 187 
0.188 
0.176 
0.176 
Average 0.185 


0.0209 
186 0.0210 
1404 0. 0208 


* Each pair of figures represents a separately weighed and 
analyzed portion of ergot The authors are indebted to the 
following for their help in this collaborative study J]. Wolff 
Div. of Pharm. Chem , Food and Drug Admin 5. Cohen 
Minneapolis District, Food and Drug Admin J. Salas 


Caracas, Venezuela 


3 If the spots diffused badly. it indicates that paper was too 
wet when placed in tank If spots did not move, paper 
probably was too dry 


COMPARISON OF Assay METHODS" 


Water-Soluble Alkaloids 
Sample Sample 
No. 5 No. 6 

0.0100 0.0142 
0.0081 0.0114 
0.0125 0.0181 
0.0124 0.0171 


Sample 
No. 
0.0218 
0.0216 
0.0256 
0.0279 


phase system is necessary for extraction. These 
authors report that ergot alkaloids best 
extracted from lyophilized saprophytic cultures of 
Claviceps purpurea with a small amount (1 ml.) of 
10°) ammonia solution and ether (50 ml.) or chloro- 
form. They state that ‘‘wetting of the culture was 
necessary to release the alkaloid from adsorptive 
binding to the culture solids since none could be 
extracted with dry nonpolar solvents.” 

The 0.1 M citric acid trap was found to retain 
ergonovine and ergonovinine quantitatively. Ergot- 
amine was quantitatively eluted from the citric 
icid trap with 70 ml. of chloroform and ergotoxine 
with 60 ml. To check recoveries of ergonovine, 
aliquots of a solution of ergonovine maleate U. S. P 


were 


or RESULTS OBTAINED 
Usine N. F. anp Proposep PROCEDURES“ 
N. F 


Method Proposed Method 


Water 
Soluble 
Alkaloids 
0264 
0262 
O117 
O136 
0126 
0125 
0124 
0163 
O163 
O170 
O164 
O167 
0160 
0162 
O137 
0136 
0137 
O121 
0127 
O169 
O173 
0213 
0204 
0211 
0208 
0208 
0284 
0286 
0286 
0276 
0279 
O280) 
(P81 


Water 
Total Soluble Total 
Alkaloids Alkaloids Alkaloids 
l 0.201 0197 224 
0. 189 
0.156 
0.160 0084 


Sample 
Number 


O160 
O166 
O166 
O152 
O1L58 


(mar 


OL00 
O142 


0231 
0192 
0194 


(224 
0218 


0211 
0218 


* Each pair of figures represents a separately weighed and 
analyzed portion of ergot All assays by the same analyst 


Vol. 203 
4 
N 
N 
2 
? 
| | 
0.158 
0.177 
0. 182 
3 0.204 0 0.188 
0.207 © 0.195 
0.202 O 0.195 2 
0.191 0 
0.148 0.178 
146 0) 0.158 
140 0 0.163 
0. 162 
0.129 0 0.150 
0.140 
6 0.161 O 0.190 
0.185 
7 0.210 0 0.201 
x 0.212 0 0.206 
a 
0.217 0 
0.202 0 
0. 202 0 
0 202 0 0.237 
0.228 
| 0.215 O 0). 230 
0.218 0 0.233 
+ 0.201 0 0.236 
0.229 
0.234 
i 
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ilkaline 


siliceous 


were rendered with seadium bicarbonate, 
earth, and packed in a chro 
Alkaloid eluted 
by 


method Recoveries 


mixed with 


matographic tube was with 


chloroform and analyzed the proposed column 


from 5 


separation ranged 


to OR, In similar experiments 


salts 


when ergotamine 


ind ergotoxine were employed, quantities of 


ikaloid equivalent to not more than 3°, of the 
ergonovine were found in the water-soluble fraction 
These two sets of errors tend to balance each other 

Table II shows the results obtained by several 
different analysts when using the proposed two 
phase shaking extraction and column separation 
procedure Agreement between analysts was satis 
factory. Several commercial samples of official 
rye ergot were analyzed by the same analyst using 
both the N F ind proposed procedures rhe 
results of these analyses are compiled in Table 
lil Higher assay results for water-soluble ilka 


loids invariably were obtained by the proposed pro- 


cedure The N. F. requires that the total alkaloid 
content be not le than 0.15°, and that the water- 
soluble alkaloid content be not less than O.O1°,, 
Samples 2, 4, and 5 do not meet these specifications 
when analyzed by the N. F. method All samples 


meet these minimum specifications when analyzed 


by the proposed procedure 


The chloroform extracts of several commercial 
samples were chromatographed on paper. In all 
cases, the ergonovine spot was more intensely 
fluorescent than was the ergonovinine spot. The 
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sum of the ergonovine and ergonovinine contents, 
in some cases, did not seem to equal that of water 


soluble alkaloid content by assay It is assumed 
that various alkaloid breakdown products are 
included in the water-soluble alkaloid fraction 
Under extraordinary conditions, such as marked 
changes in temperature from that of ordinary 
operation, poor resolution may be encountered 
due to excessive or insufficient movement of the 


ilkaloids. The R's should be in the range of 0.2 
8. If higher R,’s are desired, a less acidic buffer 
should be employed 
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Chemical Investigation of 
Dioscorea macrostachya (Benth.) 


By WILLIAM A. MEER? and PAUL J. JANNKE 


The ultimate analysis of lipoidal matter extracted from the roots and tubers of 


Dioscorea macrostachya (Benth.) disclosed fatty acids 
The unsaponifiable matter yieldec 


oleic, and linoleic 


pene to be palmitic, stearic, 
3-sitosterol, and the presence 


of unsaturated hydrocarbons, a wax and yellow pigmentary material was indicated. 


A sterol glycoside isolated was shown to be 3-sitosterol glucoside. 


Proximate 


analysis for group constituents was also run. 


AJOR INTEREST in the genus Jrescorea during 


M 


recent vears centers about its potential as a 


several hundred species have been examined for 


of cortisone like compounds. Since 


their steroidal sapogenin content by Marker, et a/ 


1), and by Wall and his associates (2, 3 Some 
of the reports of the latter group include qualita 
Received August M0, from the University of Con 
nects t 4 ‘ Pt na t 
4 ted fia ‘ \ 
Abstracted frow th sduat h 
the tr eT t t at 4 Neer n 
sl fu nent of th r tt af 
Pt hy degree 
Present adder Meer Cot t New 
York 36, N.Y 
in 


tive tests for flavanols, alkaloids, tannins, sterols, 
acids However, there is 
little 
composition of Diescorea spp. in general and none 
dD 


deals with a proximate analysis of the constituents 


organic and phenols 


very else in the literature on the chemical 


on macrostachya in particular. This report 
of the tubers of this species and with an ultimate 
analysis of the lipoidal matter isolated from the 
tubers 

The plant material used in the investigation 
was obtained from the San Pedro Sula region of 
In 1957, 


Honduras 55 pounds of roots and 


fa 
J 
= 
| 
| 
i 
| 
(a 
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tubers were imported through the cooperation of 
the Eastern Utilization Research Branch and the 
Horticultural Crops Research Branch of the 
United States Department of Agriculture, Belts 
ville, Md.' The shipment was received, in 
spected, and fumigated (methyl bromide) at the 
Plant Quarantine Branch of the Agricultural Re 
search Service in Washington, D. C 


EXPERIMENTAL 


Proximate Analysis of the Plant Material 


Approximately 50 pounds of plant material was 
dried for one week at 50° in a circulating hot air oven 
whereupon it was comminuted in a Fitzpatrick mill 
The moisture content, determined by the toluene 
distillation method, was 5.67%, The total ash 
content was 1.13% and the acid-insoluble ash 
amounted to 0.24 

The micro procedure applied by Wall, et al. (4), 
in their screening studies was applied to duplicate 
50-Gm. samples of plant material with the results 
given in Table I in addition to the following: 
alcohol-soluble extract, 28 42° 7; water-soluble 
extract, 12.75°,; chloroform-soluble extract, 0.29% 


TasBLe I.—PROXxIMATE ANALYSIS OF Dioscorea 
macrostachya TUBERS 
Extract Test or 
Test For Used Result Reference 
Saponins Alcohol + Bamford (5) 
Flavanols Alcohol — Bryant (6) 
Alkaloids Aqueous — Mayer's and 
Wagner's 
Tannins Aqueous + Wilson (7) 
Organic acids 
and phenols Aqueous + Wall, et al 


Reducing sugars Aqueous 


Before 
hydrolysis — Fehling's 
After 
hydrolysis + Fehling's 
Sterols Chloroform 
Unsaturated + Liebermann- 
Burchard (8) 
Conjugated 
unsaturated — Rosenheim (9) 


Ultimate Analysis of the Lipids from the Tubers 


Two portions of the dried, comminuted plant 
material, weighing 10.9 Kg. and 6.8 Kg. each, were 
extracted with low boiling petroleum ether in a 
Lloyd extractor. After recovery of the solvent 
under reduced pressure and under an atmosphere of 
carbon dioxide, the yield of lipoidal extracts 
amounted to 19.6 Gm. and 16.9 Gm., respectively, 
corresponding to an overall yield of 0.21% The 
saponification value was 123.9 and the iodine num- 
ber, determined by the micro method of Ralls (10), 
was 72.82 

A 13.6-Gm. portion of the fatty extract was 
saponified by refluxing for two and one-half hours 
with 150 ml. of 3°, alcoholic potassium hydroxide 
After recovering the alcohol and dissolving the 


The authors are grateful for the assistance received from 
Dr. Quentin Jones, Botanist, Horticultural Crops Research 
Branch, U.S.DA., Beltsville, Md 
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residue in 200 ml. of water, the unsaponifiable mat- 
ter was extracted with ethyl ether. The ethereal 
solution was washed with water, dried over anhy 
drous sodium sulfate, and reserved for later in 
vestigation 

The aqueous soap solution was acidified with 10°; 
sulfuric acid and heated, whereupon the liberated 
fatty acids formed a supernatant layer. After 
cooling, this was separated mechanically and the 
acidic aqueous solution was extracted with several 
small portions of ether. The solidified fatty acids 
were dissolved in the combined ethereal extracts 
and the whole was washed with water until the 
washings were neutral. Recovery of the solvent 
from the dried ethereal solution left a residue of total 
fatty acids weighing 10.05 Gm 

A small quantity of solid matter appeared at the 
aqueous-ethereal interface during the extraction of 
the fatty acids. It, was filtered from the aqueous 
solution, washed, and dried. Subsequent work 
showed it to be a sterol glycoside. Normally, this 
should have appeared at the interface during the 
extraction of the unsaponifiable matter, but due to 
the small amount present (0.113 Gm.) it remained 
suspended in the concentrated soap solution 

Separation and Isolation of the Fatty Acids.— The 
total fatty acids (weighing 9.452 Gm. when com- 
pletely dried) were separated by the lead salt-ether 
method, yielding 3.767 Gm. of saturated acids and 
5.685 Gm. of unsaturated acids, corresponding to 
39.86°) and 60.14%, respectively 

Saturated Fatty Acids.-The saturated fatty acids 
were converted to the methyl esters by the usual 
procedure, whereupon 3.667 Gm. of esters were 
obtained. They were fractionated at reduced 
pressure on a Todd column (1.5 mm. monel pack 
ing), yielding two fractions and a residue 

Fraction 1.—This fraction weighed 1963 Gm., 
corresponding to 57.73); m4; was 1.4322; b. p. at 
5 mm. was 165.5-167°. Its saponification equiva 
lent of 270.99 together with the physical properties 
coincide with those of methyl palmitate. The 
identity of the ester was further established by 
converting it to palmitohydroxamie acid, m. p. 102 
102.5° 

Fraction I1.—The second fraction (1.308 Gm. or 
38.47°,) proved to be methyl stearate, b. p. 182 
184° at 5 mm.; nm‘) was 1.4358; saponification 
equivalent was 294.33. Stearohydroxamic acid 
prepared from the ester melted at 105-106° 

Residue.—The residue, 0.129 Gm., corresponding 
to 3.79°,, was shown by its saponification equivalent 
to be a mixture of methyl palmitate and methyl 
stearate. The quantity was too small to drive 
through the column without the aid of a chaser 

Unsaturated Fatty Acids.-A sample of the mixed 
unsaturated fatty acids weighing 0.914 Gm. was 
brominated in the usual manner. The ethereal 
solution of the reaction mixture yielded no crystals 
after being refrigerated, indicating the absence of 
hexabromolinolenic acid 

After changing to a petroleum ether solvent, 
crystals were deposited from a cold solution, in a 
yield of 0.399 Gm. Following  recrystallization 
from the hydrocarbon solvent, the melting point was 
115°, which agrees with the constant reported for 
tetrabromolinoleic acid 

The residue from the mother liquor was de- 
brominated in the usual manner, yielding 0.7216 


| 
: 
Pa 
} 
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| 
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Lad 
Gm. of oleic acid, identified as such by tts neutral 
ization equivalent of 282.74 " was 1.4734 
number, Application of the elaidin 


test converted it to elaidic acid, the transtsomer ol 
ole 
Thus, the unsaturated fatt ids were shown to 
consist of 78.05, linoleic acid and 20.43°, oleic acid 
The composition of the unsaturated fatty 
mixture was verified b ipplication of the low 


temperature chromatographic technique originally 
described by DiModica and Rossi (11) and modihed 
b DeCastr ind =Jannke 12 Through this 
method, involving frontal analysis, on oleic and 
linoler acids were own to be present in the eluates 
by virtue of their iodine number This substanti 
ited the qualitative results obtained from the 
br thon cedure 
é ( d During the ether extraction ol 
the fatt vind 1 brown, insoluble residue was 
obtaimed Phe impure compound decomposed at 
Ww ind although insoluble m chloroform, tt gave a 
positive Liebermann Burchard test Following the 
hvdrolysi f a small quantity with 10° hydro 
hleric acid positive test for reducing sugars was 
btained with | ing luthn Phe compound 
was repeated recrystallized from a pyridine 
et vel ent until it wa btaied in the form of 
flak white ervst 16 me which melted with 
dee np ithom at JS, 
The sterol glycoside was drolyzed according to 
the met dof Power and Salwas 13 \fter re 
vering the volatile iIvents, the aqueous liquid 
‘ filtered, whereupon a white residue giving a 
positive Liebermann-Burchard reaction was ob 
tamed After three reerystallization from hot 
ethanol, 10 mg. of white, lustrous crystals melting at 
wert btained This was later shown 
bye ter 
Phe aqueous acidic filtrate was neutralized with 
lium carbonate and evaporated to dryness The 
residue was extracted with absolute ethanol and 
upon evaporation of the solvent, 5 mg. of 1 semisolid 
mass was obtained hree milligrams of this syrupy 
naterial was used to prepare an osazone After 
immersion in a beiling water bath for filty-four 
the reaction mixture yielded a flocculent 
precipitate This time factor compares reasonably 
with that (forty-seven minutes) reported by Garard 
ind Sherman (14) thew preparation of ghucosazone 
fr ) clextrevse The osazone melted at 
f wing reervystallization from hot 60°, 
et | \ ced elting point wit giucosazone 
prepared from dextrose w undepressed 
il R, VALUES oF SUGAR HYDROLYSATE OF 
STEROL GLY IDE 
at 
tan 
Pt Acetic 
sturat Acid Water 
with Water 
If 
Sugar hvdrolvsate 40 0.15 
\rabineose 19 21 
A alue are give f knowr ars rum om the 
ame chroma ran 
nr maw tatew cr ta 
f ta m ar e were added th ti 
the bottom of the chamber 
ag 
} 
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The identity of the sugar moiety of the sterol 
glycoside was further established by paper partition 
chromatography, applying the method of Partridge 
15, 16 Identification of the unknown sugar was 
based on the Ry values of authentic specimens of 
and xylose when run side by side 
n the same filter paper strip. The unknown sugar 
ippeared alongside glucose in duplicate runs in 
volving two different solvent systems There was 
wny other unknown sugar on the 
Results of the Ry, values appear in 


gluc ose, arabinose, 


no indication of 
chromatograms 
lable Il 

ln fiahble Metter.—-The 
solutions of the unsaponifiable matter were washed 
ukali and dried sodium 
Recovery of the solvent left a vellow semi 


ipon combined ethereal 


free of over anhydrous 
sulfate 
solid residue weighing 5.316 Gm 

1 chromatographic separation pro 
cedure (12), the entire residue was dissolved in a 
minimum amount of petroleum ether (65-110°) and 
45cm. x column of Fisher 


ilumina The 


In applying 


adsorbed on a 35 em 
column was successively 
eluted with 2 L. of petroleum ether, 5 L. of carbon 
tetrachloride, 3.5 L and 2 L. of chloro 
form containing 10°) absolute ethanol, and 1 L. of 
containing 20°) of ethanol 
volumes used in each case represent complete 


idsorption 
of benzene, 


chloroform absolute 


The 


exhaustion of the column fractions soluble in the 
particular solvent employed. The extracts were 
freed of their respective solvents, dried under 
vacuum, and weighed. The results are given in 
Table III 
ILL. CHROMATOGRAPHY OF UNSAPONIPIABLE 
MATTER 
Recovery Liebermann 

Eluents Gm Burchard Test 
Petroleum ether 2 . 2262 _ 
Carbon tetrachloride 0). 4884 
Benzene 0.1534 
Chloroform-ethanol 4109 + 

rotal 5.2780" 


Original sample weighed 5.45165 Gm 


Petroleum Ether Eluate The residue remaining 
ifter removal of the solvent was a colorless to light 
vellow liquid which solidified when cooled slightly 
room temperature. Hydrocarbons are re 
ported to occur in this fraction. The residue gave 
no color reaction in the Liebermann-Burchard test, 
but it reacted with both concentrated sulfuric acid 
and dimethy! sulfate 
tion of bromine in carbon tetrachloride 
gravity was S888 1.4604 
to prepare a solid alkyl acid sulfate 
bromine adduct were not successful 
constants recorded do not apply to any particular 
hydrocarbon. It therefore 
a mixture 


etrachloride 


below 


and it decolorized a weak solu 
Its specific 

Attempts 
solid 


it 25 
and a 
The physical 
unsaturated was con 
cluded to be 

Carbon 7 Eluate 
a dark brown semisolid mass which was insoluble in 


“his eluate yielded 


iicohol and which gave a negative Liebermann 
Burchard test \ positive reaction to Feigl’s test 
17) for carboxylic acid esters was observed De 
Castro and Jannke (12) have shown that this solvent 


elutes only the waxes from the unsaponifiable matter 


The material was only partially hydrolyzed by 


digestion with amyl] alcohol and 30°, hydrochloric 


4 
i. 
ae 
| | 
; 
| 
ait 


Vol. 530, No. 3, March 1961 
acid, nevertheless the presence of a carboxylic acid 
was demonstrated by the reaction of ferric chloride 
with the acid hydroxamate. Attempts to prepare 
the phenacyl bromide were not successful. The 
aleohol liberated by the hydrolysis did not yield a 
phenyl urethan. The quantity of acid and alcohol 
this point small to permit 
further investigation 

Benzene Eluate.— This portion of the unsaponifi 
able matter eluted with benzene was of a deep orange 
color, suggestive of the carotenoid pigments nor 
mally found in some fats. Zechmeister and Chol 
noky (18) reported the isolation of lycopene, lycoxan 
thin, and lycophyll, in crystalline form, from the 
fruits and seeds of a member of the genus, Dioscorea 

The residue was purified by the method described 
(19) for the carotenes. Elution of the chromato 
graphic column vacuum and subsequent 
removal of the solvent vielded 0.141 Gm. of residue 
Material retained on the column was eluted with 
chloroform Chloroformic 


available at was too 


under 


It weighed 0.013 Gm 
solutions of both fractions were analyzed spectro 
photometrically (Beckman model B). Standard 8 
carotene run as a control have absorption maxima 
at 465 my and 598 mu, but no peaks were observed 
for either of the fractions tested. Their absorption 
curves, however, indicated them to be the same sub 
stance 

The residues dissolved in chloroform did not give 
characteristic color reactions for 8-carotene when 
treated chloride. They did not 
respond to acetylation and benzoylation, indicating 
the absence of hydroxy! functions. The pigment 
obtained may have been a degradation product of 
carotene 

Chloroform 


with antimony 


Ethanol Eluates.—- Elution with 
chloroform-10°; ethanol gave residues responding 
very strongly to the Liebermann-Burchard test for 
sterols \ more polar solvent containing 20°, 
ethanol used to strip the column of sterol 
After the solvent was removed from the combined 
fractions, the yellowish crystalline residue 
taken up in 95°; ethanol and decolorized by refluxing 


was 


was 
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with Norite A. Repeated reerystallization of the 
product from ethanol yielded lustrous white plate 
lets which melted at 136-136.5 A mixed melting 
point with §8-sitosterol was undepressed Its 
acetate and benzoate prepared in the usual manner 
likewise did not depress the melting point of the 
corresponding esters of 8-sitosterol. The specific 
rotation was determined on a solution of 200 mg. of 
the sterol in 2 ml. of chloroform. —[a|4J —38.2' 
The constant recorded for 8-sitosterol is —37.0°. 
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Studies on the Estimation of Folic Acid in 
Multivitamin-Mineral Preparations 


By O. PELLETIER and J. A. CAMPBELL 


The permanganate oxidation method of Schiaffino, et a/., was applied to known mix- 
tures of folic acid with iron salts, ascorbic acid, and other constituents of multivita- 


min-mineral preparations. 
acid from these preparations. 
‘apt the accuracy of recovery tests. 


Some difficulty was experienced in the recovery of folic 
The use of a standard blank absorbance reading im- 
Interference of ferrous sulfate was eliminated 
y ascorbic acid and that of ferric ammonium citrate by chelating with EDTA. 


Inter- 


ference caused by red dyes in certain preparations and by some pigments in biologi- 
cal extracts was not completely removed by isobutyl alcohol extraction of the folic 
acid reaction product but could be eliminated by the use of appropriate blank read- 


ings. 


Low recovery of folic acid in the presence of some multivitamin-mineral 


mixtures was overcome by the use of a trisodium phosphate-calcium lactate extracting 


medium. 
eliminated by the use of EDTA. 


With this extractant, ferrous gluconate caused interference but this was 
Folic acid was more effectively removed and more 


stable in the phosphate-lactate extractant than in the potassium phosphate solution. 
para-Aminobenzoic acid, which interfered with the reaction, was extracted with 


ethyl acetate 


determination of folic acid 
Marshall reagent (1 
Schiaffino, ef al 


HE CHEMICAI 
using the Bratton and 
has been improved recently by 

), who recommended permanganate oxidation 
in place of zine reduction as outlined in U.S. P 
XV 
the folv 


Their procedure involved extracting 


i muldly alkaline 


potassium phosphate 


acid im buffered solu 


tion (3 per cent splitting 


it with pota diazotizing the 


permanvan ile 


free un ind coupling 
Marshall reagent The tin | 
extracted with tobutyl alcohol when imtertermg 
color 

In this 


eliminate the 


with the Bratton and 


red product was 


were present 


laboratory ittempt was made to 


in pharmaceuts 


cal preparati which twmterfered with the zin 


reduction method cent triso 


dium phosphate as an extractant as suggested by 
wlded shght 


presence of ferrous salts and did 


lactate 


Shah, ef al. (4 low recoveries of 


folic acid im the 


not precipit ite lerrn calctum 
added to the 


rv of folv 


good re 
dith 


tests 


were phosphate solutiot 


wid was btamed 


had heen expenenced uv prelin war 


iumples | the Scluaffine 


it ecmed ppropr le neorporats the 


sphate lacta n the 


permanya 


nate procedure this reaction 


in more detail nditions for the 


Optiumiun 


reaction were determined wt the ew ex 


tractant was ethvlene 


diaminetetraacetic acid (EDTA) a 


Shah, ef al 1), for the nplex 


of ferrous gluconate im the 


The proposed modification yielded complete recovery of folic acid. 


This paper describes a modified method and 
folic 
acid can be obtained by this procedure and by 
modifications of that of Schiaffino, et a/ 


demonstrates how complete recovery of 


METHOD 


solution (di 
of reagent grade anhy 
1,000 mil Prisodium 
of Na,PO,-12H,O 
in water to make Calcium lactate, 3°,, 
of calcium lactate in water to make 
warm to dissolve completely Lactate 
mix equal volumes of 8°, tri 
sodium phosphate and 3°, caletum lactate 

Metaphosphoric acid, 2‘;, 
HPO, in make 100 ml.; 
daily Potassium permanganate, 
of reagent grade KMnO, in 
water to make 500 ml. Potassium permanganate, 
(.4°,, dilute 10 ml. of the 4°, KMnO, with water to 
make 100 ml.; prepare fresh solution for each assay 
Sodium nitrite, 2°;, dissolve 2 Gm. of reagent grade 
Na NO: in water to make 100 ml; prepare fresh daily 
Hydrochloric acid, 5 N, dilute 445 ml. of reagent 
grade (35-37°, ) HCl with water to make 1,000 ml 
Ammonium sulfamate, 5°, , dissolve 5 Gm. of reagent 
grade NH,SO,-NH, make 100 ml 
EDTA solution, 5‘ of ethylene 
chaminetetraacet« ibout 25 ml. of 

is required; make up to 

1) ml. with water. N-(1-Naphthyl 
diamine dihydrochloride, 0.1°, NED 
of reagent grack N 
dihydrochloride in water to make 
fresh solution for each 
reagent NaCl Isobut vl 
for spectrophotometric and 


Potassium 

Gm 
ike 
dissolve Gm 
1,000 ml 


Reagents. 
basi 3 dissolve 
KeHPO, to 
phosphate, 8°;, 


phosphate 


drous 


dissolve 30 Gm 
1,000 mil 
phosphate mixture, 
is neces 
before each 


sary issay 


dissolve 2 Gm 
fre sh 


dissolve 20 Gm 


water to 
prepare 


water to 

dissolve 5 Gm 
acid in water 
with | NV sodium hydroxide 
ethvlene 
solution 
dissolve 100 mg l-naphthyl 
ethylenediamine 
1) prepare 
Sodium chloride, 
ilcohol 
fluorometric use 

Folic Acid Standard Solutions. 
Weigh 
Acid 


issa\ 
grack 
grade suitable 
Stock Solution 

S. P. Folic 
meg 


vccurately, in a closed system, 
Standard, equiv alent to 


that has dried to a 


Reference 


reid, been constant 


= 
et 
eee 
Nee 
assay solutwr 
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weight and stored in the dark over phosphorus 
pentoxide in a desiccator. Dissolve in about 50 ml 
of 0.47 ammonia solution, and dilute with water to 
make the folic acid concentration exactly 500 mg. 
per ml. Store under toluene in the dark at about 
10° 

Standard Solution Dilute 2 ml. of the Folic Acid 
Stock Solution with the 3°) potassium phosphate 
solution to make 100 ml. Each ml. contains 10 
meg. of folic acid. Designate this as the Standard 
Solution. Prepare fresh Standard Solution for each 
assay 

Assay Solution.—-Avoid undue exposure to light 
of samples containing riboflavin. Place a measured 
amount of sample in a volumetric flask, mix, and 
make to volume with lactate-phosphate extractant 
The volume of lactate-phosphate extractant should 
not be less in milliliters than 10 times the dry weight 
of the sample and the resulting solution must contain 
not more than 0.1 mg. folic acid per ml. If sample 
is not readily soluble, comminute so that it may be 
evenly dispersed in the liquid. (It may be desirable 
to remove tablet coatings or capsule shells con- 
taining red dyes prior to extraction.) Heat the 
mixture to about 50° while shaking vigorously until 
a good dispersion is obtained. Centrifuge about 45 
ml., let cool, and dilute an aliquot from the super- 
natant solution with lactate-phosphate extractant to 
obtain *a final concentration of 5 meg. per ml 
Filter, discarding the first few ml. of filtrate, and 
designate as Assay Solution 

Assay Tubes. To each of eight tubes or reaction 
vessels, 40-ml. size, add 2.0 ml. of Assay Solution 
Designate and prepare the tubes as follows: Tubes 
A To each of two of the tubes add 3 ml. of 3° 
K-HPO, solution and mix Tubes B.—To each of 
two of the tubes add 1 ml. of the Standard Solution 
and 2 ml. of the 3° KsHPO, solution and mix 
Tubes C.—-Prepare as for tubes A. Tubes D.--Pre- 
pare as for tubes B 

Add 1 ml. of 2°; metaphosphoric acid to all tubes 
except when samples contain ferrous salts in the 
absence of easily oxidizable substances such as 
ascorbic acid. To each tube designated A and B, 
add, with mixing, 1 ml. of the 0.4% KMn0, solution 
and allow to stand two to three minutes. During 
the two- to three-minute oxidation, the solution 
should retain the purple permanganate color since 
metaphosphoric acid usually prevents its decolori- 
zation by highly oxidizable material; if the color 
fades, increase the quantity of KMnO, until there is 
no further decolorization. To each of the remaining 
tubes add 1 ml. of water and mix. Whenever the 
volume of KMnO, solution is increased, add an 
equivalent volume of water to the remaining tubes 
To all tubes add 1 ml. of the 2©;, Na NO; solution and 
mix; followed by 1 ml. of the 5 N HCI solution, and 
mix. Allow to stand two minutes; then to each 
tube add 1 ml. of the 5°, NH,SO; - NH; solution, and 
mix. Swirl tubes vigorously at intervals for about 
three minutes until excess nitrogen dioxide is ex 
pelled. (Excess of nitrogen dioxide will interfere 
with color development.) If the sample contains 
ferrous gluconate add to each tube designated A, 
B, C, and D, 1 ml. of EDTA solution. To all tubes 
add 1 ml. of the N-~1-naphthyl)-ethylene 
diamine dihydrochloride (NED) solution, mix, and 
allow to stand ten minutes for maximal color de 
velopment. For assay solution that contains red 
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dyes or other interfering pigments which are de- 
colorized with KMnQO, prepare and designate four 
additional tubes as follows: Tubes X.—-Prepare two 
tubes as for tube A but replace the NED reagent by 
1 ml. of water. Tubes Y.—Prepare tubes as for 
tubes C but replace the NED reagent by 1 ml. of 
water. Proceed as directed under (a) or (b): 


(a) For Assay Tubes That Contain No Interfering 
Material.-Within ten to twenty-five minutes after 
addition of NED, using water as the “blank,’’ meas- 
ure the absorbance of the solution from each tube as 
directed under Determination 

(b) For Assay Tubes That Are Cloudy Or Dark 
Colored In An Amount That Interferes with Final 
Color Measurements.—Add to each tube 1 Gm. of 
sodium chloride and 10 ml. of isobutyl alcohol, and 
shake vigorously two or three minutes. Centrifuge 
tubes until supernatant isobutyl alcohol solution is 
clear. Using isobutyl alcohol as the “blank,” 
measure the absorbance cf the isobutyl alcohol solu- 
tion from each tube as directed under Determina- 
tion 


Determination.—_Measure the absorbance of the 
solution from each tube at 545 my in a suitable 
photoelectric colorimeter set at 0 absorbance with 
the “‘blank.”’ 

Calculation.—-Calculate on basis of aliquots taken 
as follows, using the absorbances A, B, C, and D 
(If the color blanks are required, correct A and B 
by subtracting X from each, and correct C and D by 
subtracting Y from each.) 


mg. of folic acid in sample = 
is 0.005 X dilution factor! 
Modification of Method for Samples Containing 
p-Aminobenzoic Acid (PAB).-Remove PAB by 
extraction with 5°; benzoic acid in ethyl acetate 
(w/v) as follows: if concentration of original sample 
is less than 100 mcg. per ml., use solid reagents to 
maintain proper pH and a concentration of 4% 
NasPO, 12 and 1.5% calcium lactate by weight. 
To each of two 50-ml. centrifuge tubes add 5 ml. 
assay solution containing 20 mcg. per ml. and 10 
ml. of 2°) metaphosphoric acid and mix. To tube 
No. 1, add 1 ml. of 3° Ke-HPO, and mix. To tube 
No. 2, add 1 ml. of standard solution containing 
100 meg. and mix. To each tube add approximately 
20 mil. of ethyl acetate-benzoic acid solution and 
shake vigorously for about two minutes. Centrifuge 
and carefully syphon off most of the top layer with- 
out removing any of the bottom layer. Repeat 
ethyl acetate-benzoic acid extraction twice in the 
same manner and transfer quantitatively the 
aqueous layer to a 50-ml. volumetric flask, using 15 
mil. of filtered lactate-phosphate solution. Make to 
volume with 3% K:HPO,. For tubes A and C add 
5 ml. of the diluted solution from tube No. 1 above 
For tubes B and D add 5 ml. of the diluted solution 


A 


= represents the ratio, sample folic 
B A) D Cc) 


acid / standard folic acid, which is more accurate than 


A ( 
B A 
which represents the ratio, sample folic acid/(stendard folic 
acid + standard free amines) where A sample folic acid + 
sample free amines; B sample folic acid + sample free 
amines and standard folic acid + standard free amines 
sample free amines, and D sample free amines and 
standard free amines 


rte 

way 

“4 

7 
; | ; 
4 
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Taste Per Cent Recovertes*® or Fourie Acip 
IN Presence or Ascorsic Actp AND Ferrous SALTS 
ALONE AND TOGETHER 


Schiafiine 
Without 
Std 

Blank 
97.3 

Oy 

a4 


Proposed 

Method 
100: 


and Ratio 

Nil 


vu lst ance 
Nil 
Ascorbic 
Ascorbi 
Ascorbic 
Ase 
Ascorbi 
Ascorbic 
Ferrous 
gluconate 
Ferrous 
gluconate 
Ferrous glu 


conate + as 


on 


125 
2m) 


cr rb Al ul 
errous sulfate 
errous sulfate 
errous sulfate 
errous sulfate 
+ ascorbic 


wid 


« Rach value is the mean o 


No Add |! 
to all tubes and proceed as in the regular method 
with the addition of 1 ml. of the 04° KMnO 


solution. For calculation use factor of 0.02 in place 
f OOO5 


from tube 2 above ml. of 3°) K-HPO 


RESULTS 


Absorption Maximum of Reaction Product. 
The absorption maximum of the color produced in 
this reaction 
f fol 1 Spectracord recording spectro 
photometer was 545 my. In the 
1 540 filter was used in the 


determined at several concentrations 


on 
studies re porte d 
below, Evelyn colorime 
ter 

Effect of Ascorbic Acid and Iron Salts, Alone and 
in Combination, on Recovery of Folic Acid. Mix 
tures of of 1 S. P_ Reference 
Standard acid 
iron salt 
Schiafliino, et ai., 
blank the 
umount used for each 


amounts 
Acid 


assay ed 


known 
Folin 


were 


ascorbic and/or 
both the method of 


without a 


with 

by 
standard 
The 


issayv was or 


with and 


ind by method described above 
of folic 
ancl the 
iron salts 
At all 


satisfactory by 


1 mg proportions of ascorhie acid and 


ire given in Table | along with the results 


proportions of ascorbic 


the fk 


recovetTies were 


wmer method using a standard 


Taare Il \BSORBANCES OF 


INCREASING 


Schiaffine 

ay Solution 
Blank 
Tube 


Total 
B ¢ 


oO 20 
201 
10S 
106) 
DOS 


O16 


O13 


Method 
Standard Increment 
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blank and also by the modified method. It was 
necessary to use additional KMnO, at the higher 
Relatively high proportions of ferrous gluco 
nate, with or without ascorbic acid, caused practi- 
cally no loss of folic acid by Schiaffino's procedure 
using a standard blank or by the proposed procedure 
where 1 ml. of 5°; EDTA solution was added before 
the Bratton and Marshall reagent to prevent the 
formation of a precipitate. Values obtained without 
the use of the standard blank reading were consist 
ently lower than when this reading was used. As 
ilso shown in Table I, low recoveries of folic acid 
were caused by the presence of ferrous sulfate in 
Schiaffino’s procedure, but the presence 
vcid in addition to ferrous sulfate produced higher 


levels 


of ascorbic 


recoveries 

To explain the low results obtained by the original 
method in the presence of ferrous sulfate, the ab 
sorbances used to calculate these data are presented 
in Table iI. In this method the 
(total) due to folic acid and free amines were con 
sistently lower for the assay solution than for the 
corresponding increment of standard solution, and 
the absorbances (blank ) due to the free amines alone 
were markedly higher for the assay solution than for 
the standard solution increment, although both solu- 
tions from the same stock solution of folic 
These results indicated that the presence of 
ferrous sulfate in the assay solution caused a loss of 
folic ind a free 
amines. In the proposed method, absorbances were 
similar for the solution and for the standard 
increment solution, indicating complete recovery of 
folic acid 

Recovery tests of folic acid in the presence of 
ferric ammonium citrate are shown in Table III 
The method of Schiaffino, ef a/., was carried out, 
both with and without isobutyl alcohol extraction, 
the of 1 ml. 5° EDTA 
before adding the Bratton and Marshall reagent to 
prevent the formation of a greenish color with ferric 
immonium citrate. With the Schiaffino method, 
satisfactory recoveries were obtained up to pro 
portions of ferric ammonium citrate to folic acid of 
200-1 without isobutyl alcohol extraction, 400:1 
with isobutyl alcohol extraction, and 800:1 using 
EDTA. When 150 parts of ascorbic acid were in 
cluded with 400 of ferric ammonium citrate, this 
method gave satisfactory when EDTA 
The use of a standard blank improved 
recoveries slightly with EDTA but had no effect in 
the this With the 
method there was no indication of interference from 
ferrix citrate or without ascorbic 
cid 


absorbances 


were 
rcid 
acid 


corresponding increase im 


assay 


ind also modified by use 


results only 
was used 
proposed 


ibsence of reagent 


ummonium with 


ASSAY SOLUTION AND INCREMENT OF STANDARD SOLUTION IN PRESENCE OF 
PROPORTION OF FERROUS SULPATE 


Proposed Method 

Solution Standard Increment 
Blank Total Blank 
Tube B¢ 


0 009 0.201 O11 
0 005 0 197 0 OO8 
oll 0 106 0 
0. 009 0.198 0 007 
0.012 0 199 0.009 
0 006 0 208 0. 006 


Assay 
Total 
Tube A 
149 
192 
0 204 
0.200 
0.200 
0. 206 


Blank 
0 005 0 
0 O05 0 
0 005 
0 008 
0 005 
0 OOS 


ca 
A 
With 
td 
ank 
00.0 
OR 5 
os 0 
G8. 
wo 5 
2 us 4 + 
! 2 
0 
I 843 5 
separate assays 
Rati ‘ 
Folie Acid Dube 
125 0 186 
140 
187 
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TABLE III 


No Isobutyl 
e 


Ratio A A 
200 97 6 O68 
200 06.6 101.0 100.2 
10) 89.9 N/D* 991 
65.1 65.7 
S00 67.8 75.0 81.7 
S00 20.9 N/D 266 
19.3 49.3 
94.2 100.3 100.5 


@ Uncorrected for standard blank 
150 to 1 of folic acid 


TABLE I\ 


+» Corrected for standard 


RECOVERY OF ApDED:FoLic ACID FROM LIVER EXTRACTS AND CONCENTRATES 
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Per Cent RECOVERIES OF Fouirc Acip ty PRESENCE OF VARIOUS RATIOS OF FERRIC AMMONIUM 
CrrrRATE ALONE AND WITH ASCORBIC ACID 


Method of Schiaffino, ¢f al 
Isobutyl 


EDTA Proposed 
Method 
98.2 03.7 99.4 101.7 
103.1 98.9 103.6 101.3 
99.1 99.4 
100.0 O8 5 101.7 100.6 
105.7 97.1 100.0 
81.7 97.0 99.0 
266.6 99.4 102.4 98.2 
82.6 96.1 101.2 98.9 
108.9 97.8 101.8 101.9 


blank © Not determinable. 4 With ascorbic acid at a ratio 


Folic Acid 


Recovered, “ - 


Method of Schiaffino, 


ei al Proposed Method 
Preparation Added A¢ Be Aqueous Isobuty! 
Liver extract, injectable 5 mg./ml 985 100.8 100.3 
Liver concentrate 1:20 N. F 1 mg. /400 mg 87.4 90.6 101.3 98.4 
Elixir (2 Gm. liver ext./ml 0.5 mg./16 ml 91.6 92.9 100.1 
Elixir (rice bran + yeast ext 0.5 mg./16 ml 70.5 71.4 100.0 


@ Uncorrected for standard blank 


and Yeast Concentrates. 
preparations containing liver extracts and concen- 
trates and duplicate assays were made. Table 1V 
gives the composition of these preparations and the 
results expressed in per cent of added folic acid. 
It can be seen that Schiaffino’s method, even with 
the use of standard blanks and isobutyl alcohol ex- 
traction, gave complete recovery of folic acid only 
with the liver extract injectable. The modified 
method which included the use of extraneous color 
blanks gave complete recoveries in all tests. Re- 
sults with isobutyl alcohol extraction for two of the 
preparations were only slightly lower. The prepa- 
rations contained no appreciable amount of nat- 
urally occurring folic acid 

The lower results obtained by Schiaffino’s method 
were found to be due to the absence of extraneous 
color blanks because when these were used with the 
K-HPO, extracts from liver concentrate, results were 
similar to the proposed method 

Recoveries of Folic Acid from Multivitamin- 
Mineral Preparations...To test the general ap- 
plicability of the methods, folic acid was added to 
several different vitamin preparations, with or with- 
out various minerals and other ingredients. Each 
capsule or powdered tablet, free from any red dye, 
was added to the extracting solution followed by 0.5 
mg. U.S. P. folic acid. Both procedures were used 
to assay for folic acid. Results obtained on six 
products which presented difficulties are shown in 
Table V. Recoveries in products were 
markedly lower by the Schiaffino method, even when 
corrected by the use of a standard blank. They 
could not be attributed to any one constituent or 
group of factors. On the other hand, recoveries were 
essentially 100°, by the proposed method 


these 


More detailed studies were carried out on products 
\ and B in an attempt to explain the difference ob 


served between the results by the two methods 


» Corrected for standard blank 


Determination of Folic Acid in Presence of Liver 
Folic acid was added to 


98.4 


TaBLe \V.— Per Cent Recovertes® or Foire Acip 
IN PRESENCE OF CERTAIN FORMULATIONS 


Without With 
Std Std Proposed 
Formulation Blank Blank Method 
Multivitamin- 
mineral capsules 
(ferrous gluco- 
nate) 80.6 86.1 99.8 
B Multivitamin 
capsules 88.2 90.5 101.2 
C Multivitamin- 
mineral capsules 
(ferrous gluco- 
nate) 87.5 94.3 101.4 
D Multivitamin- 
mineral tablets 
(ferrous sulfate ) 71.8 76.8 97.1 


E Multivitaumin- 

mineral tablets 

(ferrous fumarate) 88.3 92.2 96.5 
F Multivitamin 

capsules (liver 


and ferrous sul- 
fate, no ascorbic 
acid ) 89.9 93.7 97.4 


“ Each value is the mean of 2 or 3 separate assays 


Folic acid was added either before or after extraction 
of the multivitamin samples with the appropriate 
extractant. With the original method, recovery 
was low when folic acid was added before extracting 
the sample, but higher when simply added after. 
Full recoveries were obtained with the proposed 
method when folic acid was added either before or 
after extraction 

Effect of PAB.— Because of the occasional presence 
of PAB in vitamin formulations, the effect of this 
substance on the estimation of folic acid was studied 
Representative mixtures of equal weights of PAB 
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und folic acid either alone or in combination with 
two different multivitamin-mineral formulas were 
assaved in duplicate As shown in Table VI, 
Schiaffino’s method resulted in very low and erratic 
recoveries, while the proposed method, after removal 
f PAB with ethyl acetate containing benzoic acid, 
gave complete recoveries 


VI Per Cent Recoveries or Foire Acip 
IN Presence or Eqguat Weicuts or PAB 


Proposed 


Method of Method 


Schiaffine Ethyl! 

Preparation et al Acetate 

PAB only 3.3 100 0 
Multivitamin-mineral cap 
sules (with ferrous glu 

conate and PAB 38.1 100.0 
Multivitamin-mineral cap 
sules (with liver, ferrous 

sulfate, and PAB 38 5 100.5 


Other Interfering Materials. Some reddish dyes, 
when present in the assay solution, interfered with 
the determination since they were decolorized in the 
tubes A and B (KMn0, oxidation) but remained in 
the blank tubes without KMnQ, oxidation 
Isobutvl alcohol as recommended by Schiaffino, 
et al, to extract the product f reaction also ex 
tracted a large quantity of the extraneous color 
Consequently, the assay ‘ ilues for folic acid were 
decreased depending on the intensity of the ex 
traneous color When extraneous color blanks were 
used, higher assay values and better recoveries were 
found 

Hypophosphites and tryptophan were found to 
interfere with the permanganate oxidation determi 
nation of folic acid. Since folic acid is seldom, if 

ver, present in prepar ifions containing hypophos 
phites or tryptophan no attempt was m ide to over 
come the effect 


DISCUSSION 


While the permanganate oxidation procedure de 
scribed by Schiaffino, ef al, was found to have several 
wivantages over the zinc reduction method, some 
lifficulty was encountered with the recovery of foli 
wid in the presence of certain iron salts and con 
stituents of common multivitamin-mineral prepara 
tions Ferrous ulfate m the ibsence of ascorbic 
acid caused low recoveries of folic acid in this 
he blank read 
ings that some splitting of folic acid occurred The 
iddition of ascorbic acid in the proportion of 150:1 
if folic acid resulted in good recoveries of folic acid, 
thus overcoming the effect of ferrous sulfate No 


method There was evidence from t 


explanation « in be given for the finding of Schiafhno, 
et al, that ferrous sulfate did not interfere under 
these conditions 

No difficulty was experienced with ferrous gluco 
nate but ferric ammonium citrate produced 
greenish interfering color in the Schiafhin method 
This color may be removed with isobutyl ale hol 


Journal of Pharmaceutical Sciences 


extraction. The use of EDTA completely removed 
the interference of these substances and eliminated 
the need for isobutyl alcohol extraction. In the 
proposed method EDTA was necessary to remove 
interference caused by ferrous gluconate 
It was noted that with some reddish dyes and 
dark colored extracts, tubes A and B were de 
colorized with potassium permanganate but that the 
blank tube C was not. It was found that isobutyl 
ileohol extraction only partially removed these 
colors and that it was necessary to use special color 
blanks as described in the method 
In all of the comparisons made, the use of a stand- 
ard blank in the original method resulted in better 
recoveries of folic acid. In the presence of multi- 
vitamiz mixtures, the difference amounted to about 
§< It was apparently caused either by the reac- 
tion of a small proportion of the standard in the 
blank tubes and /or by the presence of small amounts 
if free amines in the standard. It was demonstrated 
that results obtained without employing a standard 
blank tube do not represent a true estimate of 
potency and therefore are not actually valid 
Difficulty was experienced in obtaining ready dis 
persion of the contents of certain capsules with 3% 
potassium phosphate. While the use of ethylene 
iichloride was helpful, it was found that the phos- 
phate-lactate extractant which is proposed overcame 
this difficulty and offered several other advantages 
In the presence of certain multivitamin-mineral 
preparations, full recovery of folic acid was obtained 
using this extractant while considerably less was 
btained with the potassium phosphate extractant 
An investigation of possible causes of this difference 
indicated that folic acid was not only more readily 
extracted from other factors by the combined ex 
tractant but also was more stable in it. The pres- 
ence of a suspension in the extracting solution may 
seem unusual but much of the effectiveness of the 
procedure appears to depend on the excess of calcium 
lactate which protect. folic acid in the extraction- 
precipitation process 
The permanganate oxidation procedure was found 
inapplicable in the few cases where PA B was present 
because the latter gave less absorbance in the tubes 
treated with potassium permanganate than in the 
blanks. To overcome this difficulty PAB was 
extracted with benzoic acid in ethyl acetate. Order 
ff addition of reagents was modified to obtain the 
optimum pH of 4-6 in extraction. To compensate 
for possible loss of folic acid an internal standard 
was used prior to ethyl acetate extraction 
It may be concluded that the proposed method is 
ipplicable to the estimation of folic acid with a high 
degree of precision in the presence of most of the 
common constituents of multivitamin-mineral 


mixtures 
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Evaluation of an Oral Sustained Release Dosage 
Form of Trimeprazine as Measured by 
Urinary Excretion 


By K. R. HEIMLICH, D. R. MacDONNELL, ANDREW POLK, and 
T. L. FLANAGAN 


Effectiveness of sustained release dosage forms of trimeprazine tartrate, as pellets 


with varying thicknesses of a slowly digestible wax-fat mixture, is measured by 
determining the urinary excretion of the drug or its metabolites during specified 
periods after ingestion. Results are compared with in vitro tests. 


O« OF THE GREATEST difficulties encountered 
in the development of sustained release 
dosage forms is the procurement of human in 
vivo data which adequately demonstrate the sus- 
tained release properties of the dosage form. 
Although clinical efficacy is usually the foremost 
test in determining if the preparation is satis- 
factory, a concerted effort should be made to 
obtain quantitative in vivo data as a guide in 
selecting the most suitable formula 

Once the desired formula has been selected, 
then i vitro release rate specifications can be 
finally established by various methods to insure 
the reproducibility of subsequent batches 

Recent studies reported in the literature (1-9) 
have considered many of the important theoreti- 
cal aspects of sustained release formulations 
Some of these studies have shown how a knowl- 
edge of blood level, urinary excretion, and biologi- 
cal half-life data, when related to therapeutic 
response, may be used to design and evaluate a 
sustained release form. The application of 
these principles in the development of sustained 
release forms of many drugs is not always feasible 

The biological half-life as obtained from blood 
or urine data may not have a direct relationship 
to the therapeutic response in question In 
these cases it may be necessary to obtain the 
biological half-life from some physiological re- 
sponse or side effect which can be objectively 
measured, even though the response may not be 
the specific action for which the drug is intended 
Also, in order to apply the mathematical ex 
pressions which may be used to interpret urinary 
excretion data, a period of constant rate of ex- 
cretion must be demonstrated after administra 
tion of the sustained release form. During the 
short time normally used in conducting an ex 
cretion study, this so-called “steady state” 
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period mav not be evidenced by some drugs which 


undergo complicated excretion-absorption cycles 
or involved detoxification, and other methods of 
evaluating the data must be used. 

It is possible to design and evaluate sustained 
release formulations by comparing urinary ex- 
cretion data obtained after the administration of 
unprocessed drug three or four times a day with 
the excretion data when the sustained release 
form is given in an equal, unit dose. This regi 
men is based on the fact that, in most instances, 
the primary objective of sustained release medi 
cation is to replace existing single-dose forms 
usually given every three or four hours. If the 
sustained release formulation is not suitable, the 
data will be useful in making the revisions neces- 
sary to obtain an acceptable product. 

The present study was carried out to test the 
suitability of a sustained release form of trime- 
prazine tartrate.' The specific objectives of the 
study were: (a) to compare the physiological 
availability and urinary excretion patterns of 
trimeprazine or its metabolites in subjects ad- 
ministered the sustained release form or an equiv- 
alent amount of unprocessed drug given in three 
divided doses, (>) to determine the degree of com- 
pleteness of disintegration in humans of material 
having an in vitro release of at least 80 per cent in 
seven hours by examination of stool specimens for 
undisintegrated pellets, and (c) to compare the re 
sults of tests (a) and (b) with data obtained when 
a sustained release form having an in vitro release 
of approximately 50 per cent in seven hours was 
administered to humans 


EXPERIMENTAL 


Preparation of the Dosage Form. — The sustained 
release dosage forms were prepared following the 
general procedure given by MacDonnell (10). A 
trimeprazine tartrate, starch, and powdered sugar 
coating powder was applied to small cores using a 


' The trade name of Smith Kline and French for this 
product is Temaril Spansule 
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olution. Successive coatings of 
applied until the proper con 


sustained 


gelatin adhesive 
the drug dilution were 
obtained The 
release properties were effected by coating 
hatches of medicated pellets with varying thick 
tible wax-fat material using 
solvent for the coating mate 
rates of 
uncoated 


centration of drug was 


sub 


clige 


aS a 


ness of i lowly 
lecsolv No 
Mixe 
obtained by 


rial having varying release wert 


then blending medicated 


pellets with various sub-batches of wax fat coated 
pellet 
The im witre 


determined u 


releases of the dosage forms were 
given by 


listed in 


ing the general method 


Souder and Filenbogen 11 ind sare 


Table I 


RELEASES OF SUSTAINED 


FORMS 


In Vitro 
RELEASE 


“mulated “mulated 


f Drug Released 


Gastric Intestinal Per Cent 
Fluid T Fluid T 5S per Hourly Interval 
XV P. XV Formula Formula 
hr hr 


was carried out in 


Dosage Regimen. he study 


each of three 


i series of three tests In test No. I, 

ubjects received 30 mg. of trimeprazine in sustained 
release form (formula I ind three subjects re 
ceived 30 mg. of unprocessed trimeprazine adminis 


every four hours Test 2 


test 3, all six 


tered in l0-mg. dose 
was a crossover of test 1 In sub 
meg 
formula H 
n vitro release of approxim 
Specimen Collection. A 
Hected immediately 
form All 


periods wa 


of trimeprazine in a sustained 
which had a 


itely 


jects received 


release form seven hour 


control urime 
to the 
urine voided 


collected 


specimen 


Wis prior ingestion of 
during the 


zero to four, 


the deo ige 


following time 


four to eight, eight to twelve, twelve to twenty-four, 

ad twenty-four to thirty-six hours. When sus 
tained release forms were administered, stool spect 
mens were collected by each subject for a period of 
torty-eight hours or until two specimens were ob 
tained 


Analysis of Urine Specimens... The analytical 


procedure used for the determination of trimeprazine 


in the urine specimens is an adaptation of Eiduson’s 
1 resin extraction method 
Lima 13) for 


vd ipted to 


12) procedure This is 


first reported by Berti and chlor 
promazine in biological fluids and later 
Fiduson The 


= trimeprazine 


analysis of urines by method is not 


pecific for uncha since any 


netabolite bearing the phenothiazine nucleus, 


wdsorbed on the resin are determined colorimetrically 


is trimeprazin Also preliminary studies in these 
laboratories with trimeprazine-S®*® indicated that 
the resin method does not extract conjugated 
derivatives which may be formed during the 
metabolism of the compound It was not felt 
necessary to determine the amount and nature of 
the metabolites of the trimeprazine excreted since 
the evaluation was a crossever study comparing 


lease dos 


ige forms 


unprocessed drug and sustained re 
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Stool Specimen Analysis... The stool specimens 
were examined by a qualified parasitologist for an) 
undisintegrated pellets. This was done by gently 
slurrying the specimens in water and screening the 
slurry through 35 mesh 
By this technique any pellets present in fecal mat 


a series of sieves (12-16 
rial were recovered and counted 


RESULTS 


Table II presents the results of the determina 
trons on urine 

The examination of 
more shells and fragments of pellets after the ad 
ministration of the formula H material than after 
the administration of However, anal 
ysis of the material recovered from both formula 


specimens 


stool specimens revealed 


formula F 


tions showed insignificant amounts of trimeprazine 
the 
sustained release forms 


to be present This could be expected since 
total availability of both 
was the same as the plain drug 


DISCUSSION OF RESULTS 


Criteria which may be used to judge the adequacy 
of a sustained release formulation are as follows 
a) The urine levels in the first collection period 
ifter administration of the unprocessed drug and 
the sustained release form should be nearly equiv- 


alent This will indicate that the sustained release 
form is releasing sufficient medication initially 
b) The urine levels in the later collection periods 


or for the period for which sustained action ts 
claimed should be equivalent from the two dosage 
forms to indicate adequate duration of effect from 
the formulation ¢) The total 
availability of from the sustained release 
form should be equivalent to that of the unprocessed 


stool 


sustained release 


recovery 
trom 


Examination of specimens 


drug d 
subjects receiving the sustained release form should 
not reveal undisintegrated pellets 

To check the formulations against the first two 
criteria, the average amounts of trimeprazine or 
metabolites excreted per period from each formula 
tion compared statistically The amounts 
excreted after the administration of the unprocessed 


were 
formula F sustained release material 
the 


was no 


drug and the 
closely for 
interest There significant 
the amounts excreted for the zero to 
period or the eight to twelve-hour period as deter 


therapeut 
difference 
four-hour 


compared period of 


mined by a ¢ test on the means (95°; confidencs 
level The excretion for the four to eight-hour 
period was somewhat higher after administration 
of the formula F material These results indicate 
that a sufficient amount of drug was released ini 
tially from the sustained release form and that the 


release continued at a rate which supplied sufficient 


level 


drug for absorption to maintain an excretion 
equivalent to that after the unprocessed 
dosage for a twelve-hour period 

The amounts of trimeprazine or metabolites 
excreted during the first three collection periods 
after the administration of the formula H sustained 


drug 


release material appeared to be consistently low 
Although these differences from the 

drug were not significant at the 95°, 
level, calculation indicated that the use of three or 
would these dif 


unprocess¢ d 
confidence 


four more subjects have shown 
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TABLE Il 


Mg 
Subject@ Dosage Form O-4 
V.C Unprocessed drug, 30 mg 0.5 
Mrs. V.C (10 mg. every 4 hours) 0) 
O.4 
A. M. J 0.3 
C.N 1.8 
\verage 0.6 
, Sustained release formula 1.0 
Mrs. V.C F (six 5-mg. units) (30 0.7 
mg.) 1.0 
A. M. J 
C.N 0.6 
Average O.8 
&* Sustained release formula 0.2 
Mrs. V. C.* H (six 5-mg. units) (30 0 
mg. ) 0 
0.2 
C.N 0.8 
Average 0.2 


ferences to be significant 


Thus the formula F but 
not the formula H material fulfilled the first two 
criteria 


From a cursory examination of the data, it ap- 
pears as though there might be an increased total 
excretion of trimeprazine or its metabolites after 
the administration of formula F. However, from 
past experience with sustained release dosage forms, 
it would be expected that the recovery be no more 
than equivalent to the recovery after administration 
of the nonsustained release form. This was found 
to be the case by a / test on the mean total re- 
coveries. There are instances in the literature in 
which total urinary excretion of drug has been 
greater after the administration of a special dosage 
form as compared to unprocessed drug administra 
tion (14, 15). Further urinary excretion studies 
would be required to permit any other conclusion 
than an equivalency of recovery with the present 
dosage form 

Since no appreciable amounts of drug were found 
in pellet fragments recovered in fecal specimens, 
formula F fulfilled all four criteria and was accepted 
as a satisfactory formulation. The formula H 
material, although physiologically available over 
the total test period, did not show adequate in vivo 
release during the early periods and was not con- 
sidered acceptable 


CONCLUSIONS 


|. The urinary excretion of trimeprazine or 
its metabolites for a twelve-hour period following 
the administration of 30 mg. of trimeprazine in 
the form of six 5-mg. sustained release capsules 
formula F) closely duplicated the excretion ob 
tained upon the administration of an equal 
amount of unprocessed drug in three divided doses 


every four hours 


lhe sustained release form was 


' One subject withdrew from the study + Total dose was 


TRIMEPRAZINE OR METABOLITES PRESENT IN URINE SAMPLES AT VARIOUS TIME INTERVALS 
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of Trimeprazine or Metabolites Per Collection 


Period, hr Per Cent 
18 8-12 12-24 24-36 0-36 Recovery 
1.9 2.4 3.3 3.0 11.1 37.0 
0.7 18 5.0 1.8 9.3 31.0 
O.8 1.9 3.6 0 6.7 22.3 
0.4 1.4 0.9 5.1 17.0 
1.4 3.7 0.6 0 7.5 25.0 
1.0 2.2 2.9 1.1 7.9 26.5 
3.1 3.4 1.0 1.5 9.0 30.0 
1.3 2.1 3.0 2.6 9.7 32.3 
2.5 2 6 6.5 1.5 14.0 47.0 
0.9 1.7 4.3 23 10.0 33.0 
1.8 2.3 9.2 5.4 19.3 64.3 
2.4 4.8 12.4 41.3 
1.5 2.1 2.0 3.5 9.3 31.0 
0 0 3.2 2.4 5.6 22.4 
O8 1.5 3.4 1.7 7.4 24.7 
0.3 1.0 2.2 1.4 5.1 17.0 
0.6 Be 4.4 2.3 10.8 36.0 
0.6 1.5 3.0 2.3 7.6 26.2 


5 mg. of trimeprazine 


also shown to be physiologically available as 
evidenced by the comparative total recoveries. 

2. A sustained release form of trimeprazine 
(formula H) having a significantly slower in 
vitro release rate was physiologically available 
but was judged unsatisfactory because of in- 
sufficient amounts of drug or metabolites ex- 
creted in the early collection periods as compared 
to the unprocessed drug 

3. The statistical comparison of urinary re- 
covery after the administration of sustained re- 
lease dosage forms and after divided dose medica 
tion of unprocessed drug is a useful and con- 
venient method of evaluating sustained release 
dosage forms 
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Experimental Investigation of Nine Antitussive Drugs 


By P. L. STEFKO, J. DENZEL, and I. HICKEY 


A series of chemically unrelated compounds were evaluated and compared as to 
their relative cough suppressant activity in a group of varying test subjects. Graded 
responses were noted and detailed in the report. 


A NUMBER of chemically unrelated prepara henzonatate has a cough-relieving effect, exerting 
tions have been reported to have cough sup- a _central action but does not have the typical 
pressant activity The hydrobromides of the — effects of morphine and its derivatives. 
dextro, levo, and racemic forms of 3-methoxy-N Caramiphen ethanedisulfonate (1-phenyl-! 
methylmorphinan were reported by Benson, cyclopentanecarboxylic acid  §8-diethvlamino 
Randall, and Stefko (1) to have antitussive ethyl ester ethanesulfonate) was reported by 
activity in dogs. Cough suppression was more Toner and Macho (10) and by Chakravartz, 
marked with the dextro-3-methoxy-N-methyl Mattallana, Jensen, and Borison (11) to have 
wae hydrobromide dextromethorphan marked cough suppressant action in_ their 
hydrobromide)' than with the racemic form; the anesthetized cat preparations. On the basis of 
dextro isomer did not produce central depression. intensity and duration, 5 mg./Kg. of caramiphen 
Isbell and Fraser (2) who studied the hydro-  ethanedisulfonate was about as effective as | 
bromides of the optical isomers of 3-methoxy-N mg./Kg. of codeine phosphate. The drugs were 
methylmorphinan in former morphine addicts administered intravenously Ablemann, Gaen 
concluded that dextromethorphan hydrobromide — sler, and Badger (12) demonstrated clinically that 
is devoid of addiction potentialities. Cass and  caramiphen ethanedisulfonate given orally was 
Frederick (3) concluded that for all practical accompanied by partial to considerable relief 
purposes dextromethorphan hydrobromide and from distressing cough in 57 per cent of patients 
codeine may be considered of equal antitussive Rosiere, Winder, and Wax (13) in a compara- 
effectiveness on a weight basis in their “double _ tive antitussive bioassay of four morphine deriva 
blind” study on sixty-three subjects with chronic — tives and methadone demonstrated that dihydro 
cough codeinone bitartrate was seven to eight times as 
Levis, Preat, and Moversoons (4) studied potent as codeine phosphate. Ammonia cough 
earbetapentane citrate (2 chethvlaminoeth elicited through a tracheal side tube in anesthe 


] pentanecarboxvlate ci tized dogs was utilized in this study Rudner 


oxviethyl 

trate} and found it was highly effective in sup (14) evaluated dihydrocodeinone _ bitartrate 

pressing the cough m an anesthetized cat Anal clinically in tuberculosis cough and reported the 

is of their data showed that carbetapentane new codeine derivative to be more effective than 

citrate was more eflective than codeine phosphate codeine and to possess a low incidence of side 
Parish (5) reported on the clinical effectiveness reactions 

of carbetapentane citrate. Rehef was obtained One of the most widely employed tests for 

with ‘ ntane citrate in minutes and the study of antitussive activity is the Winter 

maintained for hours in cough associated with Flataker sulfuric acid spray technique. This test 

acute coryz was used by Chen, Biller, and Montgomery (15) to 

Bucher (6, 7, 8) used the technique described by evaluate the efficacy of a new nonnarcotic anti 

4) of inducing a cough in anesthetized — tussive drug, a-(dimethylaminoethy])-ortho-chlor 

irritating the trachea with insufflation of | benzhydrol hydrochloride. The authors com 

powdered soay monstr the co p pared this compound under standard experi 

nonaeth mental conditions with codeine phosphate, di 

but vilaminoben codid, noscapine, dextromethorphan, dimethoxa 

wed that nate, and benzonatate. It was found to possess 

! larmacologically a degree of antitussive potency comparable to 

acts both peripherally and centrally on the co that of dicodid, with a relatively latent onset of if 

reflex. Herzay (%) has shown clinically thé maximum action but a prolonged duration of 

action 
Received June | ‘ m Department of Phar Che purpose of :4is report is to survey recent 
macology, Hoffmann La Roche, Inc, Nutley 10,N_ J 


Accepted for publication August 10, 1960 developments in the field of antitussive drugs 


Remilar is the H fimann I Lo trademark f os : 
de xtromethorphan with the intention of clarifying cough suppressant 2. 
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A review of the literature 
revealed that, while there is a plethora of new 


activity in animals 


methods and devices worthy of comment, none 
involves principles hitherto undescribed 

The evaluation of the drugs was carried out by 
two methods developed by the senior author 
(16, 17 


scribed in the literature (18-29) of quality rating 


There are a number of methods de 


involve 
(16) 


Some stimulation of the cough 


estimation of 


direct 


center For an relative 
potencies of drugs, it is necessary to apply quanti- 
tative methods 


In these experiments, the nine antitussive 
drugs were tested on the cough resulting from 
chemical irritation and cough elicited by electrical 


The 
results illustrate that the drugs evaluated signifi 


stimulation of the tracheal submucosa 


cantly inhibited the cough in the cat and dog 
under our experimental conditions 


METHODS AND MATERIALS 


Unanesthetized Dog Preparation.__In the un- 
anesthetized dog, antitussive activity was deter- 
mined by the electrical stimulation of the trachea 
through implanted copper 
into the tracheal submucosa (30). The evaluation 
of antitussive activity is numerica! 
rating system and scored as per cent inhibition 
The individual responses of each animal to a drug 
is graded by comparing the number and severity 
of the cough before and after drug therapy 

The preparations were given orally. The anti 
tussive activity was studied over a period of two 
hours. Careful observations were made of any 
concomitant effects 

Anesthetized Cat Preparation.—iIn an 
thetized cat, cough attacks were provoked by the 
sudden introduction of ammonia into the airways 
This was accomplished by a snugly fitting mask 
about the animal's snout. The ammonia 
introduced at the end of expiration and the cough 
in all instances occurred at the next imspiration 
The respiration, amplitude, and duration of the 
response were recorded on a smoked drum using a 
pneumograph and tambour 

A control period was obtained by subjecting the 
animal to the fumes once three 
minutes for twelve minutes; four control cough 
of equal intensity duration 
The changes in the cough attacks fol 
lowing drug administration 
five minutes until a return to the normal control 
response. The ammonia concentration found suit 
able was 7°; (as (31 

Pathologic Cough in Dogs.—-The drugs evaluated 
in this study were also given to dogs with cough 
resulting from an upper respiratory infection 

All compounds were studied and administered as 
crystalline salts. For purpose of simplicity, future 
reference to these agents will be made by 


previously electrodes 


based on a 


anes- 


was 


ammonia every 


responses and were 


obtained 
recorded 


were every 


generic 


name without designation to trade names (except 


in the (dimethylaminoet hy] )-o-chlor 
benzhydrol hydrochloride which will be referred to 


case ol a 


as B-186). The chemical and generic names of 
the drugs used in these studies appear below 


Chemical Name Generic Name 
Codeine phosphate 
Morphine sulfate 
Dihydrocodeinone 
bitartrate 
dextro-3-Methoxy-N- 
methylmorphinan hydro- 
bromide 
Nonaethyleneglycol mono- 
methyl ether p-n-butyl- 
aminobenzoate 
-Phenyl-1-cyclopentane- 
carboxylic acid 8-diethyl- 
aminoethyl ester 
(2-Diethylaminoethoxy )- 
ethyl 1-phenyleyclo- 
pentanecarboxylate citrate 
N-Methyl-2,4-methylene- 
diox yphenethylamine 
hydrochloride 
a-( Dimethylaminoethy1)- 
ortho-chlorbenzhydrol 
hydrochloride 


hydrocodone 
bitartrate 

dextromethorphan 
hydrobromide 


benzonatate 


caramiphen ethane- 
disulfonate 


carbetapentane 
citrate 


homarylamine hydro- 
chloride 


RESULTS AND DISCUSSION 


Table | illustrates the effect of oral administration 
of various sulfate, codeine, 
dextromethorphan, carbetapentane citrate, benzon- 
atate, caramiphen ethanedisulfonate, hydrocodone, 
homarvlamine hydrochloride, and B-186 on the 
cough response due to an electrical stimulation of 


doses of morphine 


Fig. 1.-Effect of dextromethorphan on the cough 
attacks produced by the inhalation of ammonia into 
the airways of an anesthetized cat 


DEX TROME THORPHAN 


CARBE TAPENTANE 
CITRATE 


BENZONONATINE 


HOMARY | AMINE 
HYDROCHLORIDE 


CODEINE PHOSPHATE 


MORPHINE SULFATE 


Fig. 2.—Effect of cough supressants, narcotic 
and nonnarcotic, in pathologic cough in dogs. 
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iru 


Codeine phosphate 


ullate 


Dextromethorphan 


Benzonatate 


Carbetapentan 
citrate 


Caramiphen ethane 
disulfonate 


bitartrate 


hvadrex hhorwdle 


lime, mn 


Marked sedation Animal aslee 


1 in the unanesthetized dog 
preparation It can be seen that dextromethorphan 
compares quite rably with the other antitussive 
preparation re is a good relationship of dose 
and t 1 een that at all dose levels, 
dextromethorp 1 s effective is codeine, 
carbetapentane and more 
effective than mip i anedisulfonate, hom 
irvlamine hydro , a morphine sulfate, 
but less effective thats dru ! The anti 
tussive effects ! horp) differ from 
codeme, carbetaper ne ctr nzonatate, hom 
irvlamuine B-186 im that these 


preparations of mrcubation f 


ful sctivits Dextromet! 


rapid 
effectivenes 
it ‘ wtapentane 
citrate 

tussive 

ind do 


Average Per Cent Inhibition of Number of Coug 


14 


Time, min 
120 150 


7 
33 


hour after administration; following this there ts a 
very rapid decline in antitussive effect 

B-186 exhibited a marked degree of antitussive 
potency not comparable however to hydrocodone, 
codeine, carbet ipentane citrate, and benzonatate 
The drug had a relatively latent onset of maximum 
wction but a prolonged duiation of action 

No adverse cential effects were observed with 
dextromethorphan. Hydrocodone in doses of 0.5 
mg./Kg. and above causes undesirable side effects 
The adverse effects consist of lethargy, sleep, and 
defecation 

Caramiphen ethanedisulfonate, although a very 
powerful antitussive preparation when administered 
intravenously, is inactive when administered orally 
in the unanesthetized dog preparation 

Figure 1 illustrates the effect of dextromethorphan 
on the cough attacks produced by the inhalation of 
ummonia into the airways of an anesthetized cat 

he antitussive activity of varving doses of 
romethorphan, codeine, morphine sulfate, ben 


i 
= 
] 
me Kg P ¢ Dogs Expts 120 
0.25 10 15 18 24 10 
05 22 30 12 
| 10 12 14 44 30 
20 15 4 78 7H 
] 0.5 2 14 10 20) 15 
10 12 12 28 32 14 
2.0 Ww 14 32 is" 42 30) 
05 12 27 16 28 23 12 
10 12 28 30 54 32 
2.0 15 30 42 63 68 
| 13 28 +4 76 
80) 24 is M4 90) 70 
160 12 is 92 70 
10 0 33 82 14 
16.0 0 oo 100 58 
os } 31 11 
10 6 ‘4 65 30 
3 § 0 42 
16 0 ; 5 81 100 
5 0 l 0 x 
0.25 Ww 73 4 
13 67 03 73 
0 2 11 0 
16 0 6 Is 67 70 28 
Expt 15 “0 180 210 240 270 
10 0 17 3 0 0 
vad 
their 
has a 
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Taste II 


No. of 
Drug Cats 


Codeine phosphate 


Photo 


Morphine sulfate 


Dextromethorphan 


te 


te to be 


totobot 
t 


~ 
~ 


Benzonatate 


~ 


Carbetapentane 
citrate 


~ 


Caramiphen ethane- 
disulfonate* 


Dihydrocodeinone 
bitartrate 


Homarylamine 
hydrochloride 
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ANTITUSSIVE EFFECTIVENESS CF A NUMBER OF DRUGS IN THE ANESTHETIZED CAT PREPARATION 


Duration 
of Action, 


Activity min Remarks 


Active 15 

Mod. active 31 

Markedly active 38 

Markedly active 

Markedly active 78 

None 

Slightly active 6 

Slightly active 10 

Slightly active 14 

Active 20 

Active 28 Respiratory 
depression 

None 

None 

Active 

Active 

Mod. active 

Markedly active 

Markedly active 

None 

None 

None 

Slightly active 

Slightly active 

Mod. active 

Mod. active 

Markedly active 

None 

Slightly active 

Mod. active 

Mod. active 

Markedly active Respiratory 
depression 

None 

None 

None 

Mod. active 

Markedly active 

Markedly active Respiratory 
depression 

Markedly active 

None 

Slightly active 

Mod. active 

Mod. active Respiratory 
stimulation 

None 

Mod 

Mod 


active 
active 


* Caramiphen ethanedisulfonate is markedly active in intravenous doses of 0.25 to 4 mg (Kg 


zmatate, carbetapentane citrate, homarylamine 
hydrochloride, and hydrocodone in the anesthetized 
cat preparation are summarized in Table II 
The data reveal that hydrocodone is most active in 
suppressing the cough attacks induced by a chemical 
irritant, ammonia, in an anesthetized cat prep 
aration Next in order of cough suppressant 
activity are dextromethorphan, ben 
zonatate, carbetapentane citrate, homarylamine 
hydrochloride, and morphine sulfate. Caramiphen 
ethanedisulfonate is inactive when administered 
orally 

The activities of 2 mg./Kg. dextromethorphan, 
benzonatate, and carbetapentane citrate are equiv 
alent to 0.1 mg/Kg Thus, the 
latter may be considered 20 times as active as the 
The duration of action of 2 mg./Kg 
hydrocodone 


codeine, 


hydrocodone 


former drugs 
dextromethorphan and 0.1 mg./Kg 


is thirty minutes. Dextromethorphan is more active 
than carbetapentane citrate, benzonatate, and 
homarylamine hydrochloride Caramiphen eth- 
anedisulfonate is inactive 

The comparative results of the effect of oral 
administration of various doses of codeine, morphine 
sulfate, dextromethorphan, benzonatate,  car- 
betapentane citrate, homarylamine hydrochloride, 
caramiphen ethanedisulfonate, and hydrocodone 
on the cough resulting from a respiratory infection 
in dogs are shown in Table III and are graphically 
presented in Fig. 2. These animals exhibited a 
postdistemper or postpneumonitis cough. It has 
been found that dicodid and dextromethorphan are 
very effective in inhibiting the ‘‘pathologic’’ cough 
Hydrecodone is effective but caused undesirable 
side effects at the therapeutic dosage level. The 
side effects consist of lethargy, sleep, and defecation 


No. of | 
vr 0.5 12 1 
1.0 10 l 
4.0 12 1 
0.5 4 6 
1.0 6 6 
po 2.0 6 6 
8.0 6 6 
0.25 0 10 
i 
1.0 
4.0 
0.1 
hy 0.25 8 8 
0.5 6 6 
0 6 6 ; 
0 8 
_* 0 6 6 
ca 0 8 8 
ig 0 10 10 
0 6 6 
3 0 8 8 
8 8 
wo 8 8 
16.0 6 6 y 
32.0 6 6 
0.25 6 6 ‘ 
: 0.5 6 6 Py 
1.0 6 6 
4.0 5 5 a 
16.0 6 6 
32.0 6 6 
B-186 1.0 l 1 
8.0 3 3 
16.0 3 3 


TABLE 


me Ke PO Kx Drug 
8.2 Dextromethorphan 
21 8 Dextromethorphan 
16 a8 Dextromethorphan 


23 16 5.4 Caramiphen ethane 


disulfonate 


; 81 Caramiphen ethane 
disulfonate 
7 Lihvdrocodeinone 
bitartrate 
2h 10 Dih ydrocodeimone 
bitartrate 
8.0 Carbetapentane 
citrate 
16 Carbetapentane 
citrate 
0.7 Benzonatate 
10.4 Benzonatate 
70 Homarvlamine 
hvdrochloride 
0) 11.2 Homarylamine 


hydrochloride 


1 1.0 gx 8 Codeine phosphate 
2.0) Codeine phosphate 
1.0 12.6 Morphine sulfate 
4 0 02 Morphine sulfate 


Codeme, benzonatate, « 


irbetapentane citrate, mor 
phine sulfate, and hon irvlamine hydrochloride are 
tive Caramiphen ethanedtsulfonate 


moderately a 


Inhactive 


The results reported in this entire study have 


ignificance only for the specific conditions of testing 
It is interesting it dextromethorphan compares 
favorab with the ther mnareotic cough sup 
pre unt Of significance is the activity of dextro 
nethorphan demonstrated agaist experimental 
cough in the dog which was « nfirmed by the activity 
igainst pat! gi cough im the same species 
Only hydrocodone was found to be more active than 
lextromethorphan im this test However, hydro 
codone it the effective dosage, « aused undesirable 


side effect 


Nine chermeally unrelated preparations were 
| 


evaluated for their cough suppressant activity tm 


the unanesthetized dog, in the anesthetized cat 


preparations, and on the “pathology cough im 


dogs with an upper respiratory tniection 
Dextromethorphan has a cough suppressant 

effect which ts fairly rapid 1m onset The potency 

and duration of action are comparable to codeine 


benzonatate and carbetapentane citrate Hy 


drocodone possessed greater antitussive activ1 
In the unanesthetized dog preparation oral 


} 


of dextromethorphan, carbetapentane ct 
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Remarks 

Animal ceased coughing in 15 min.; duration of 
action, 65 min 

Animal ceased coughing in 20 min.; duration of 
action, SU min 

Animal ceased coughing in 20 min.; duration of 
action, 100 min 

No effect 


No effect 


Animal ceased coughing in 15 min; duration of 
wtion, 35 min 

Animal ceased coughing in 15 min.; duration of 
action, 80 min; lethargy, sleep, 30 min 

Cough diminished in 20 min.; duration of 
action, 30 min 

Animal ceased coughing in 20 min.; duration of 
action, 45 min 

Cough diminished but not inhibited; onset of 
action, 20 min.; duration of action, 25 min 

Animal ceased coughing in 15 min.; duration of 
action, 40 min 

Animal ceased coughing in 30 min.; duration of 
action, 20-25 min 

Animal ceased coughing in 25 min.; duration of 
action, 25 min 

Animal ceased coughing in 15 min.; duration of 
action, 20 min 

Animal ceased coughing in 15 min.: duration of 
action, 38 min 

No effect 

Animal ceased coughing in 15 min.; duration of 

action, 25 min.; lethargy def 


trate, benzonatate, codeine, and hydrocodone 
markedly suppressed the cough response; 
homarylamine hydrochloride and morphine sul- 
fate were moderately active, while caramiphen 
ethanedisulfonate was inactive. Hydrocodone 
exhibited side effects at the effective dosage 
levels 

Dextromethorphan, codeine, hydrocodone, car 
betapentane citrate, benzonatate, and B-186 
administered orally to the anesthetized cat 
preparation markedly suppressed the cough 
attacks, homarylamine hydrochloride and mor 
phine sulfate moderately suppressed the cough 
attacks; caramiphen ethanedisulfonate was in 
active 

Oral doses of dextromethorphan, codeine, and 
hydrocodone markedly suppressed the “path 
ologie’” cough in the dog, due to an upper respira 
tory infection; benzonatate, carbetapentane 


citrate, morphine sulfate, and homarylamine 


hydrochloride moderately suppressed the cough; 


caramiphen ethanedisulfonate was mactive 
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Protection of Yeast Against Photosensitized Killing 


By JOSEPH JUDIS 


The ability of a number of radioprotective compounds to protect Saccharomyces 
cerevisiae against photosensitized killing was studied. Protection was afforded by 
cysteamine, glutathione, penicillamine, N,N-dimethylmercaptoethylamine, 1-mer- 
capto-2-aminobutane, 2-aminoethylisothiouronium bromide 


HBr (AET), and cysteine, 


ut not by cystamine, potassium cyanide, or glucose. 


Other sulfhydryl compounds such as mercaptosuccinic acid, 8-mercaptopropionic 


acid, sodium thioglycollate and a-monothioglycerol also did not protect. 


It appears 


from the data presented that the thiol compounds with a free or substituted amino 
group protected yeast against photodynamic killing while the thiol compounds 
lacking the amino group did not protect. 


T= TERM “photodynamic action” was first 

applied by Raab (1) to his observation of the 
lethal photosensitization of protozoa and _ this 
phenomenor: has since been the subject of con 
siderable literature (2-4). Photodynamic action 
is of interest not only for theoretical reasons but, 
on the practical level, a number of diseases of 
animals have been traced to photosensitization 
been 
shown to cause photosensitization as a side 


and several medicinal substances have 


reaction (2, 3, 5,6). While photodynamic action 


has been reasonably well studied, its mechanism 


remains obscure. It appeared to the author that 


an approach to understanding the cause of the 


biological damage might be facilitated by a 


study of chemical substances that are capable 


of preventing this damage. Obviously, excited 


molecules of some sort are involved and because 
the possibility exists that these molecules might 


Received August 15, 1969, from the University of Toledo 
College of Pharmacy, Toledo 6, Ohio 

Accepted for publication September 15, 1060 

This work was supported, in part, by a grant from the 
American Academy of Arts and Sciences 

Presented to the Scientific Section. A. Pa. A., Washington 
D. C.. meeting, August 1960. 


be free radicals, it seemed reasonable to examine 
the effect on photosensitized killing of yeast of a 
number of compounds known to protect against 
ionizing radiation, the mechanism of the biologi- 
cal action of which is believed to involve free 
radicals (8) 


MATERIALS AND METHODS 


Materials.—The chemicals used were of C. P. 
grade. Biochemicals were obtained from the Cali- 
fornia Corporation for Biochemical Research, 
Nutritional Biochemicals Corporation, and Schwartz 
Laboratories. The §8-mercaptopropionic acid and 
a-monothioglycerol were obtained from Evans 
Chemetics, Inc., and the 1-mercapto-2-aminobutane 
HCl, N,N-diethylmercaptoethylamine HCl, and 
mercaptopropylamine HCl were a gift from Dr. 
David Jacobus of the Walter Reed Army Medical 
Center 

Procedure.— The irradiation apparatus consisted 
of a bank of two Sylvania 150-watt projector spot 
lamps and the yeast suspensions were contained in 
16- x 150-mm. screw cap, Kimax test tubes mounted 
on a Fisher Gyrosolver shaker to provide a uniform 
suspension during the treatment. The heat from 
the lights was dissipated by an electric fan and by 


Le 
7 
= 
| 
* 
~*~ 
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placing a Blake 
circulated, between the lights and the test tubes, 


bottle, through which water was 


resulting in a temperature of 28 + 3° in the yeast 
suspension The distance between the bulbs and 
the test tubes was 20 cm, at which point the 


illumination wa L100 foot candle measured by 


i GE standard light meter he usual reaction 
mixture contained, in a total of 5 ml, 150 «x 10° 
yeast cells, 1.14 M concentration of erythrosin 
is the photosensitizer, and pH 7.2 phosphate buffer 
in final concentration of Q.O67 M A stock, 
diploid, strain of Saccharomyces « was used 
throughout and was cultured on slants of Sabour 
maltose agar After twenty-four hours of 
incubation at 25°, the growth from a slant was 
washed off with distilled water, washed once with 
water, and resuspended in an amount of (.O67 M, 
pH 7.2 phosphate buffer to give the desired concen 
tration of cell After irradiation, the suspensions 
were centrifuged, resuspended in distilled water, 
ind viable veast cells estimated by the standard 
pour plate procedure All work was done in sub 


dued light in order to control the de of radiant 


energy applied. A number of controls were in 
cluded a) yeast plus dye in the dark b) veast 
minus dve m the lhght ¢) yeast minus dve im the 


dark Where various substances were added to 


determine ther protective powers, the former were 


incubated on the shaker with veast in the light or 
with veast plus dye in the dark as additional con 
trols to determine possible toxic effects of the sub 
tance on the veast unrelated to photodynamn 


RESULTS AND DISCUSSION 


A typical killing curve ts given in Fig. 1 The 
various control wed me ignificant change m 
ible count from untreated veast suspension 
Killing occurred oF when both light and dve were 
simultaneously present This type of killing curve 
is sitmilar to t « reported for bacteria and viruses 
10 
A number of compounds have been reported to 
inhibit the bio! gical effects of photodynamic action, 
such as sodium sulfite and sodium thiosulfate (2, 9), 
protem 11, 12), acid (13), evsteme (0, 14), 
reduced glutathione (9), sodium sulfide (9), and agar 
1S The mechanism of photodynamic action 
1-19) undoubtedly includes at least the 
followimg step idsorption of the dve bw the 
susceptible cell or combination with the substrate 
ulsorption by the dye, in the above complex, of 
the light energy with the formation of an activated 
dye molecule combination of the activated dye 
substrate « iplex wit veen to form an oxidizing 
substance d xidation f the ubstrate with 
eturn of the dye to the ground stat thus available 
to repeat the cyck A protective agent could 
presumably act by inhibiting any of the above steps 
Strong reducing agents, suc the morganic sulfur 
compounds, could act b king oxvgen unavailable 
or altermg the dve che that it would not 
be able t function m t wal reaction 
Probab the site { nolog ge would be the 
SH group which ts subject t tion, although 
number of am eel wn t be 
destroved by photodynamic action, su histicline 
ind tryptophan (4, 20) p 1 in the cell wall 
he photodynamic mactivatior viruses would 


-1.0 P 


LOG FRACTION SURVIVING 


0 A A A 
“"0 10 20 30 40 50 60 
TIME OF IRRADIATION (MIN, ) 


Fig 1 Photosensitized killing of yeast in the 
presence of erythrosin rhe yeast concentration 
was approximately 3 X 10’ cells per ml. in 0.067 M, 
pH 7.2 phosphate buffer and the erythrosin concen 
tration was 1.14 kK 10°°*M 1, Yeast plus dye in 
light; 8B, veast minus dye in light; C, veast plus 
dve in dark; D, veast minus dve in dark 


tend to indicate the possibility that nucleoproteins 
may be a site of attack also (21, 22 

rhe abilities of various substances to prevent the 
photosensitized killing of veast are given in Table I, 
ind typical experimental results showing the pro 
tective action of cysteamine are given in Table II 
aminoethyl 
isothiouronium bromide HBr, penicillamine, |! 
mercapto-2-aminobutane, N,N-diethvlmercapto 
ethylamine, and mercaptopropylamine were similar 


The results obtained with cysteirie, 


to those shown in Table II except that the degree of 
Ascorbic 
cid in the highest concentration used, caused a 


protection differed, as shown in Table I 


drop in viable count of controls which varied from 
Fl to 72°), distinct from the light effects and 
ipparently indicated some type of toxicity to the 
veast under the test conditions The other sub 
stances were nontoxic in the concentrations used 
The radioprotective properties of cyanide, cyst« 


amine, cysteine, cystamine, 2-aminvoethylisothio 
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Tasie oF VARIOUS SUBSTANCES TO 
PROTECT YEAST AGAINST PHOTOSENSITIZED 
KILLING" 


Survival of Yeast 


Final Control 
Concen Sus 
tration, pensions 


Glucose 028 
O56 
Potassium cyanide O16 
O32 
Ascorbic acid ol 
O02: 
046 
Sodium thioglycollate 009 
O17 


Substance pensions 


8-Mercaptopropionic 
acid O09 
O19 
Mercaptosuccinic 
acid Ol 
02 
a-Monothioglycerol 02 
Cysteamine HCl 
O09 
Cysteine HCl O04 
008 
Cystamine HCl 009 
022 
2-Aminoethylisothio 
uronium bromide 
HBr OO4 
Oll 
O18 
Glutathione, reduced 004 
01 
Penicillamine HCl 02 
1-Mercapto-2-amino 
butane HCl 02 
N,N-Diethylmercap- 
toethylamine HC] 
Mercaptopropy).«iaine 
HCl 0.02 : 2 


* The reaction mixtures contained approximately 3 x 1° 
yeast cells per ml. at zero time, erythrosin, 1.14 K 10 Ti 
the added substance where indicated, and enough 0 067 M 
pH 7.2 phosphate buffer to make a total volume of 5 mi 
Irradiation was carried on for sixty minutes 


uronium bromide HBr, glutathione, and N,N 
diethylmercaptoethylamine have been reported in 
the literature (8, 23-28) and compounds of the 
structure of penicillamine, 1-mercapto-2-amino- 
butane, and mercaptopropylamine would be ex- 
pected to be radioprotective (29, 50 Glucose and 
ascorbic acid are reported as having slight radio- 
protective abilities (8) while sodium thioglycollate, 
8-mercaptopropionic acid, and mercaptosuccinic 
acid have been found to be incapable of protecting 
animals from ionizing radiation (8 a-Monothio 
SH type 


glycerol was included as an example of an 
compound lacking an amino group, which would not 


be expected to be radioprotective (29, 30 Several 
mercapto compounds were included to determine 
whether the SH group alone protects against 
photosensitized killing and the results, although 
limited, would indicate that it does not. It is inter 
esting to note that the highly protective compounds 
contained both an amino and SH group. N,N 
Dicthylmercaptoethylamine, which was protective, 
has a substituted amino group 
to note that compounds known to be highly pro 


It is also of interest 
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Taste Il.—Tue Asiiry or CYSTEAMINE TO 
Protect YEAST AGAINST PHOTOSENSITIZED 
KILLING? 

Viable Yeast 
Cells per ml 
after Irradiation 
Yeats cells, in light < x 10° 
Yeast cells, in dark < x Ww 
Yeast cells, plus erythrosin, in dark 3.2 xX 10 
Yeast cells, plus erythrosin, in light x 10 

Yeast cells, plus erythrosin, plus 

cysteamine (final conen. 

0.004 M]) in light 2.75 xX 10° 
Yeast cells, plus erythrosin, plus 

cysteamine (final concen 

0.009 M) in light 3 x 10° 


Conditions 


“ The reaction mixtures, where indicated, contained 
114 * 10°% M concentration of erythrosin and the final 
volumes were made to 5 ml. with 0 067 M, pH 7. 2 phosphate 
buffer. Irradiation was carried on for sixty minutes under 
the conditions described in the text 


tective against the biolegical effects of ionizing 
radiation were also protective against photosensi- 
tized killing, such as cysteine, cysteamine, 2-amino- 
ethylisothiouronium bromide HBr, and glutathione 
Cystamine, which protects only whole animals 
against ionizing radiation (8, 28), was inactive in 
protecting against photodynamic action 

The fact that the thiol type of radioprotective 
agents tested protected against photodyne mic killing 
while the other radioprotective agents «uch as 
cyanide and glucose did not protect, coupled with the 
fact that 8-mercaptopropionic acid, mercapto- 
succinic acid, and thioglyce!lic acid, which are not 
radioprotective (8), did not protect against photo- 
dynamic killing would suggest the possibility of a 
relationship between the ability of a thiol compound 
to protect against ionizing radiation and photo- 
sensitized killing. The explanations for the effects 
of radioprotective agents have been of two sorts: 
(a) reduction in intracellular oxygen tension; and 
(b) combination with free radicals (31). The 
necessity for oxygen in photodynamic action has 
been well established (4) and recent work (32-34) 
has indicated that free radicals may be produced in 
the photochemical activation of dyes. Uri (35) 
and Blum and Kauzmann (16) have suggested the 
possibility that the photosensitized dye may be 
activated to a triplet state, which would react with 
oxygen to form a free radical. It may thus be 
possible that protection against photodynamic kill- 
ing could be effected by neutralization by the pro- 
tective substance of the above mentioned reactive 
species. It would appear that simple oxygen de- 
pletion is not the total answer 

An experiment was performed to determine the 
abilities of several of the compounds tested to reduce 
methylene blue. The latter was used in a concen- 
tration of 66 XK 10°% M while the compounds 
examined had a final concentration of 0.02 M except 
cysteine HCl which was 0.008 M, and the final 
volume of solution was made up to 5 ml. with pH 
7.2, 0.067 M phosphate buffer. It was found that 
penicillamine reduced the methylene blue in less 
than five minutes and the dye remained reduced 
even after one hour on the shaker used in the irradi- 
ation experiments. Cysteine HCl and 1-mercapto- 
2-aminobutane HCI reduced the methylene blue in 
less than ten minutes and partial reoxidation 
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for studying photochemical 
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pounds for their ability t 
induced effects 
a photosensitizer 
irradiated with whit 
While it is known that reducing agents will prevent 


photodynamne killing, 1t a 


Of the compounds 


protected veast against photosensitized killing 
as did cysteine, but cystamine, potassum cyanide, 
glucose, 8-mercaptopropionic acid, mercapto 
succinic acid, @-monothioglycerol, and sodium 
thioglycollate did not protect Ascorbic acid 
protected at higher concentrations. Protection 
was dependent on the presence of the compound 
during irradiation. On the basis of the data 
presented, it appears that thiol type compounds 
which protect against the biological effects of 
ionizing radiation also protect yeast against 


photosensitized killing 
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occurred when the mixtures were shaken. Cyste ee 
imine HCI slightly decolorized the methylene blue 
by thirtw minute ind completely by two hours, laa 
while glutathione began to decolorize in torty-five ne 
minutes and completely decolorized by two hours a 
HCl] caused par 
thiouronium bromide HBr and 
umine HCI did not decolorize the dye by five hours ; 
Thus, while all of the above comp unds were ¢ ipable ; 
of protecting yeast against photosen itized killing, : 
: they varied greatly in their ability to reduce meth . F 
viene blue in unshaken solutions. Other possibilities 4 4. 
i include protection in some manner of susceptible _ 
sites on the veast cell against the excited chem« il pe = 
species. Such a mechanism has also been sugge sted 
(33) who believe that cystamine 
and cysteamine form S-S bonds with SH 
group {f vital molecule ind thus protect these r 
formed in an aqueous mi 
cle d/or free radicals are a 
for of photosen itized ee 
validity of 
the 
ta estigated to protect 
killing and damage due h 
}- the abowe procedures as a preliminary screen for rt 
compounds protecting against tonizing radiation a 
ind also suggests that the mechanism of the biologi 
cal damage caused by both could be similar at some Ue 
stage 
| Finally, it would be Po ee 
whether compounds pr 
mental animals against photosensitization induced 
by such drugs as chlorpromazine and promethazine 
Such studies are in progress hibit 
: The photosensitized killing of Saccharomyces ‘2 
ee peared to be of interest 
: to determine whether compounds known to aes 
protect again t tonizing radiatior would also 
prevent photodynamic effects. 
tested, cysteamine, clutathiwne emeciilamine, 
|-mercapto 
annunobutan mercaptopropyvlamine, and 2 
aminoethylisothiouromium bromide HBr (AET 


Application of Neutron Activation Analysis to 
the Microanalysis of Gold-Containing 


Pharmaceuticals in Biological Materials 


A neutron activation av? 
containing compounds, whic 


By JAMES P. VACIK and JOHN E. CHRISTIAN 


rocedure was designed for the microanalysis of gold- 
eliminates all prior chemical separation and permits 


direct qualitative and quantitative analysis for gold in a y-ray scintillation spectrom- 
eter. The method was further applied to the determination of gold in biological 


| stage RECENTLY, the determination of gold 
in biological materials has not often been 
required; thus, few accurate methods of analysis 
have been developed and published. With the 
current widespread therapeutic use of radio 
active gold (Au™) and with the increasing 
therapeutic treatment with gold salts, a rapid 
and sensitive method is needed for the deter- 
mination of the gold content of various biological 
materials. In addition, a sensitive method would 
be useful in studies of the uptake, metabolism, 
and determination of the overall distribution of 
gold-containing pharmaceutical products in bio 
logical systems 

It was the intent of this project to study and 
develop a rapid and sensitive technique of acti 
vation analysis applicable to biological samples 
which would eliminate the tedious and time 
consuming chemical separations previously em 
ployed (1-3) by others and permit direct count 
ing and assay of irradiated samples 

Neutron activation analysis was chosen for 
this work due to its simplicity and extreme sen 
sitivity. Sensitivities in the order of 0.003 meg 
may be obtained with gold from activation in a 
nuclear reactor at a flux of 5 & 10"! n/cm.*/sec 
(4). The method is simple, involving merely 
the placing of a sample to be analyzed and a 
suitable standard in a neutron flux for a sufficient 
time to produce a measurable amount of a radio 
isotope of the element being determined. The 
characterization of the radioactivity produced 
then serves as a qualitative tool; while the 
measurement of the intensity of the induced 
radioactivity in the sample is directly propor 
tional (other factors being equal) to the amount 
of element present, thus furnishing a quantitative 
measurement independent of the state of chemi 
cal combination of the element in question (5) 
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tissues at the 5 to 60 mcg. level following administration of gold thioglucose. 


EXPERIMENTAL 


Method of Counting. The radioactivity resulting 
from all samples during this study was determined 
using a y-ray scintillation spectrometer. This spec- 
trometer consisted of a sodium iodine thallium-acti- 
vated crystal well type detector,' which was coupled 
to a photomultiplier tube and an amplified circuit, 
a single-channel pulse height analyzer,’ a scaling 
device,* an electronic sweep,‘ and a Leeds and North- 
rup 10 mv. strip chart recorder 

With this type of equipment it was possible to 
count gamma peaks with set window widths, to count 
manually the complete gamma spectra from 0 to 1 
Mev ., or to graph the complete gamma spectra auto- 
matically over set time intervals. With the shield 
employed on the scintillation detector it was possible 
to maintain an average unloaded background of 30 
c¢.p.m. at the 0.411 Mev. gamma peak of Au'™. 

The unit was calibrated with Cs'” and Co® 
standard samples at reasonable intervals so that find 
ing any specific photopeak of known energy was 
merely a matter of instrument adjustment. Counts 
under a particular photopeak could also be totaled 
on a register, thus allowing quantitative results with 
these totals, with peak heights, or with integrated 
areas under graphed photopeaks 

\ gold'™ spectrum was carefully plotted with the 
recording y-ray spectrometer (see Fig. 1) in order to 
observe its characteristic shape and peak energy.® 

Method of Neutron Irradiation...The source of 
neutrons for sample activation of all biological 
materials was the Argonaut reactor (6) at the 
Argonne National Laboratories. Fifteen of the 
available experimental ports in this reactor are 
located in a graphite thermal column, 5 feet wide 
x 5 feet long & 4 feet high. It was in one of the 
15 ports (specifically the J-10 stringer) where 
samples to be activated were placed. The J-10 
stringer consists of an aluminum tray 4 inches X 4 
inches X 5 feet long in which varying thicknesses of 
graphite blocks may be placed. This stringer at its 
closest end extends to within 4 inches of the reactor 
core. It was at this “closest end’’ where the 3 '/i« 
in. X 3 "/y in. plexiglas holders (to be subse- 
quently described ) containing the samples to be irra- 


Serial K-40, Harshaw Crystals Inc, Cleveland 6, Ohio 
Model 115, Radiation Instrument Development Labora 
tories, Chicago, Il! 
+ Model 200-T, Radiation Instrument Development Lab 
oratories, Chicago, Ill 
‘ Model 39-1, Radiation Instrument Development Lab 
oratories, Chicago, Ill 
Material obtained from Oak Ridge National Labora 
tories, Oak Ridge, Tenn 
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sodium**. Experimental comparison of qualita- 
tive spectra run twelve hours following bombardment 
with spectra of known gold revealed that all ac 
tivity present in a biological sample irradiated at this 
flux was due only to gold'™. To avoid coincidence 
errors and correction factors, all samples counted 
were below 50,000 c.p.m. activity 

Irradiation Containers and Sample Tubes.--A 
sample holder was designed using a piece of plexiglas® 
3" in. X 3" /ig in. in This holder was 
made to fit into the aluminum tray of the J-10 
stringer at the core end in the place of one of the 


carbon blocks. Thus the face of the holder was in a 


plane parallel to the core face. Six holes (2'/, in 
deep) were bored into the °/. in. edge of the holder 
with a '/)¢ in. drill bit in order to accommodate six 


sample tubes. The tubes in which the samples were 
tubing‘ 


closed at 


placed were composed of polyethylene 
i. */gin. o. d. in. long 
the bottom with solid plugs of '/, in. polyethylene 
rod which was sealed in place by rotating the end of 
the tube against the hot tip of an electric soldering 
gun. The sample was then placed in the tube and 
the tube with polyethylene in this same 
manner Segments of polyethylene tubing » in 
long and */, in. o. d. were inserted over each sample 
tube in the holder to hold it in place and to fill the 
The holders were then closed with 
a narrow strip of adhesive tape 

In subsequent experimentation, two sample tube 
holders each containing six samples were placed 
side by side and irradiated at the same time in the 
J-10 stringer, thus allowing a total of 12 samples per 
The initial run to determine any 
variation in neutron flux was made with twelve sam- 
ples each containing 10 lambda of a standard gold 
chloride’ solution and 240 lambda of liver tissue ho- 
mogenate The indicated a deviation in 
c.p.m./mg. of only 2.1% 

To verify the relationship between radioactivity 
induced and the gold concentration in tissue, vari- 
ous quantities of gold chloride each contained in 10 
lambda of water were placed into 240 lambda of liver 
tissue homogenate to make up a series of varying and 
known gold in These 
samples were bombarded for one hour at a flux of 
2 < 10° n/cm.*/sec. and then counted at the 0.411 
Mev. peak of gold™ with a 3-volt window. The 
ictivity of the samples was plotted against the gold 
\ plot of the resulting data yields 
a linear relationship, illustrating that the induced 
activity from gold in tissue is proportional to the 
concentration. Thus, an 
for gold in biological materials without chemical 
processing was possible using the method described 
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In order to illustrate the practicality of this assay 
procedure, a gold-containing pharmaceutical used in 
current therapy, gold thioglucose, was next employed 
Samples of gold thioglu- 
cose containing 5, 10, 20, 30, 40, 50, and 60 mcg. of 
gold, respectively, and contained in 10-lambda vol 
to 500-lambda volume with 
liver tissue homogenate. As a standard to compen- 
sate for flux variations from holder to holder, gold 
tandards containing 325 meg. of gold chlo 


in place of gold chloride 


umes were made up 


chlorid 


ride in 10 lambda of distilled water plus 490 lambda 
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of liver tissue homogenate were prepared and one 
placed in each sample holder. The samples and the 
standards were then irradiated for one hour at a flux 
of 2 X 10° n/cm.?/sec. The activity was determined 
twelve hours after bombardment, corrected for 
decay, and, by means of the gold chloride standard, 
corrected to compensate for flux variations between 
holders and between different bombardments. The 
corrected activities were plotted against the known 
gold content of each sample to serve as a calibration 
curve for future work. A straight line relationship 
was seen to exist between the induced activity and 
the gold content, thus serving as a second check on 
the procedure. 


TasBLe CONTENT OF VARIOUS ORGANS OF 
Mice Turrty MINUTES AFTER THE INTRAPERI- 
TONEAL ADMINISTRATION OF GOLD THIOGLUCOSE* 


Admin- 
istered 
Dose 
Gold Gm 
Radio Present of 
activity,’ meg Gm Tissue 
Tissue cp m,Gm_) of Tissue 
Adrenal glands* 17,794 250) 0.08 
Hypothalamic area“ 1,196 20 0.01 
Hypothalamic area’ 1,513 20 0.02 
Hypothalamic area/ 1,410 20 0.03 
Liver tissue?’ 5,470 80) 0.14 
Liver tissue’ 3,334 0.08 
Liver tissue?’ 4,808 70 0.10 
Liver tissue? 70 0.11 
Liver tissue?’ 3,414 0.08 


* | mg /Gm. body weight 

+ Samples were irradiated for one hour at 2 K 10% ”/cm? 
sec 

© Pooled adrenals of 15 animals 

4 Pooled hypothalamic areas of seven animals 

* Pooled hypothalamic areas of five animals 

f Pooled hypothalamic areas of three animals, 

? Pooled livers of three animals 


Using the relationship established between radio 
activity and the known gold content of tissue, the 
gold content in various organs of mice, thirty 
minutes after the intraperitoneal ad:ninistration of 
1 mg./Gm. of gold thioglucose, was determined 
Fifteen Rockland Swiss mice were used in the study 
Thirty minutes after the administration of the gold 
thioglucose each animal was sacrified by decapita 
tion and the liver, adrenals, and hypothalamic area 
of the brain removed. These organs were pooled, 
homogenized, and all sample volumes below 500 
lambda made up to this volume with untreated 
homogenized tissue. The samples were then sealed 
in sample tubes and placed in holders along with one 
gold chloride (325 meg./10 lambda) standard in 490 
lambda of liver tissue homogenate per holder. The 
samples were irradiated in the J-10 stringer of the 
Argonaut pile for one hour at a flux of 2 kK 10” 
n/cm.*/sec. The samples were allowed twelve hours 
decay time following bombardment and were 
counted at the 0.411 Mev. peak of gold™ with a 3 
volt window to determine the amount of induced 
activity present. The concentration of gold present 
in each sample was determined by use of the calibra- 
tion curve previously prepared. Qualitative spec 
tra were also run at the end of twelve hours decay 
time and compared to the spectra of pure gold™ to 
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show that the only activity present was due to that 
of the gold.™ 

The prepared samples along with their activities 
and gold content are listed in Table I. 


DISCUSSION 


The activation analysis procedure described in 
this paper should be applicable to numerous prob- 
lems arising in pharmaceutical and medicinal re- 
search. By increasing the neutron flux or time of 
bombardment by a factor of from two to five times, 
mounts of gold in quantities as low as 1 meg. should 
be capable of being assayed without interference 
from beta-emitting isotopes and thus without chemi- 
cal manipulations of any kind. The method should 
be adaptable to the assay of gold in the animal body, 
and to the identification of gold metabolites. In 
the latter instance, if known gold compounds and 
unknown tissue metabolites are chromatographed 
together and these chromatograms are irradiated, 
qualitative identification as well as quantitative 
evaluation may be accomplished. Histological slides 
of gold-containing tissues might be irradiated and 
audioradiographs prepared for study of tissue distri- 
bution. The procedure should prove to be a useful 
tool in the analysis of gold-containing pharmaceu- 
tical products. 


SUMMARY AND CONCLUSIONS 


1. A microgram-sensitive method of activa- 
tion analysis of gold contained in_ biological 
samples was developed which does not require 
chemical separation or treatment of the samples 
either prior to or following neutron irradiation. 

2. The method was established at 5 to 60 meg 
levels of gold in tissue; however, calculations 
indicate that by increasing the flux or the time of 
neutron exposure by a factor of from two to five 
times, amounts of gold as low as | meg. should 
be capable of assay without chemical processing 
of tissue samples 

3. The method of assay described has been 
applied successfully to the determination of the 
gold content of the various organs of mice, thirty 
minutes after the intraperitoneal administration 
of gold thioglucose 

4. The method should be applicable with 
advantages to the numerous problems arising 
in pharmaceutical and medical practice and re 
search requiring the assay of gold compounds con 
tained in simple solutions or in biological ma 
terials. 
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Interfacial Properties of Powdered Material; Caking 
in Liquid Dispersions I 
Caking and Flocculation Studies 


By BERNARD A. HAINES, Jr.t, and ALFRED N. MARTIN 


Surface characteristics of particles and the intensity of particle interactions are 
presented as factors which may lead to caking of insoluble particles in aqueous dis- 


persion. The degree of flocculation and the sediment volume were used as indexes 
of caking for sulfamerazine and bismuth subnitrate dispersions. Controlled 
particle flocculation by the addition of selected electrolytes produced a large volume 


dem N DISPERSED particles form into a com 


pact mass at the bottom of the container, 
the suspension is said to have caked. Since the 
ake may contain the active ingredients, uniform 
dosage distribution cannot be assured even after 
vigorous shaking Therefore, minimizing this 
ondition is a necessary step in the compounding 
f suspensions Although caking 1s a major 
problem to the manufacturing pharmacist in 
formulating mixtures, magmas, and lotions, 
little or no work relative to caking, as such, has 
appeared pharmaceutical literature. For 
this reason the present study was undertaken 

The study of the principal factors leading to 
caking and flocculation has not progressed to a 
point where broad generalizations can be made 
However, some underlying factors have been 
found to influence them 

The nature of the particle surface greatly 
influences the network structure which is pro 
duced in the cake or floccule. Rehbinder and 
Segalova stated that two types of network 
structures may be formed in the sediments or 
akes of suspensions and pastes: the condensa 
tion or strongly bonded type and the coagulation 
w weakly bonded type. A third ctype of particle 
interaction of the weak van der Waals type does 
not result in caking but rather leads to floccula 
tron 

Physical and/or chemical reactions form 
Physical 


rvstal forma 


strong bonds between the particles 
bonding may be brought about by 


tion, which depends upon the degree of solubility 
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of sedimented particles free from caking tendencies. 


At the 
points of contact between microcrystals, a thin 


of the dispersed material in the vehicle 


layer of supersaturated solution exists. The 
smaller crystals slowly dissolve and cause the 
larger crystals to grow his phenomenon, 
known as Ostwald ripening (2), leads to coarsen 
ing of the sediment and, in some instances, 
according to Kolthoff and Noponen (3), may 
also result in caking. The degree of caking is 
increased by a reduction of crystal size, which 
produces an increased number of crystalline 
points of contact. Furthermore, chemical bond 
ing due to hydration effects may cause the 
porous particles to cement together into a hard 
crystalline mass. Husa (4) noted this effect in 
an aqueous dispersion of magnesium oxide and 
sodium bicarbonate. In preliminary tests, the 
writers found that if equal quantities of mag 
nesium oxide and sodium bicarbonate were 
poured as a slurry into a mold and subjected to 
the A. S. T. M. (5) cement test, more than 200 
pounds per square inch of pressure were necessary 
to break the resulting cake 

Coagulation or weakly bonded types of 
interaction also occur. Adhesion of particles by 
molecular interaction at points of contact forms 
weak bonds between the particles. The adhesion 
is due to a squeezing out of the dispersion medium 
at the points of contact, as in syneresis. The 
resulting residual layer of the dispersion medium 
prevents a strong molecular interaction at the 
points of contact. The strength of the cake which 
is formed depends upon the number of particles 
occupying a given volume Ihe particles may 
orient themselves in the sediment and, under the 
influence of gravity, coagulate in an arrangement 
of closest packing. Various clays, such as 
bentonite, exhibit this type of sediment 

Particles in dispersion with a high net charge 
density exhibit electrostatic forces of repulsion 


When the forces of repulsion are greater than 
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those of attraction, the particles remain apart. 
Overbeek (6) that the addition of 
electrolytes decreased the density of the ionic 


observed 


atnosphere surrounding the particle and caused 
the forces of repulsion to be effective at a shorter 
distance from the particle. Thus, when the 
magnitude of the van der Waals attraction forces 
exceeds that of the electrostatic repulsion forces, 
the particles come together This type of 
particle interaction produces flocculated systems 
consisting of large fluffy clumps of particles 
loosely held together, which do not form a hard 
sediment or cake 

Particle interaction leading to caking or 
flocculation may then be classified according to 
the intensity of the bonding at the points of 
contact. The condensation or strongly bonded 
type forms compact crystal aggregates or hy- 
drates, which are irreversibly dispersed. The 
coagulation or weakly bonded type results from 
molecular often be re- 


mechanical 


interaction and can 


dispersed by vigorous 
The type of particle 


floccule formation 


agitation. 
leading to 
by ease of 
The loose 
break up when 
disturbed, but reform immediately after agitation 


interaction 
is characterized 
redispersion and absence of caking 
irregular cluster formations 
ceases 

In the colloid literature, the word ‘‘stable”’ 
as applied to colloidal sols or suspensions is 
with ‘‘deflocculated.”” <A _ floc 
culated suspension, consisting of large fluffy 


synonymous 


clumps which settle rapidly, is considered as 
“unstable."’ Accordingly, the industrial chemist 
and pharmacist have often concluded that a 
suspension should be maintained in the defloc 
culated condition. It is not generally recognized 
that deflocculated particles, which eventually do 
settle even in the presence of the most effective 
suspending agents, tend to form caked masses 
Moreover, very frequently the suspending agent 
increases rather than prevents the caking in the 
sediment 


EXPERIMENTAL 


Principles Employed.—_In this investigation, a 
technique similar to that described by Fischer (7) 
is employed as an approach to the caking problem 
It is possible to prevent or minimize caking by the 
addition of flocculating agents which tend to form 
loosely bonded networks in the suspension. These 
agents prevent the formation of condensation or 
coagulation structures and increase the redispersi- 
bility of the insoluble particles. The addition of 
regulated quantities of flocculating agents produces a 
controlled flocculation of the dispersed phase, the 
amount of agent depending upon the nature of both 
the particle and the agent added. The flocculating 
power of the agent is determined by the valence 
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opposite in sign to that of the particle, and increases 
rapidly with an increase in the valence of the agent 
The volume to which the particles in suspension 
settle is known as the sedimentation volume. When 
compared with a nonflocculated suspension, a 
flocculated system will form a less dense sediment 
resulting in a larger sedimentation volume. The 
sedimentation volume is an important factor in 
determining the redispersibility of a suspension 
Increasing the sedimentation volume by floccula- 
tion decreases the tendency of the dispersed par- 
ticles tocake. The ultimate height, /u, which pro- 
vides a measure of the sedimentation volume to 
which a suspension will settle without agitation, is 
a function of the concentration of the suspension, 
the degree of flocculation, the particle size and, to 
some extent, the original height, Ho, of the sus- 
pension. Ward and Kammermeyer (8) studied the 
sedimentation rate and equilibrium sedimentation 
height of aqueous suspensions. They found that 
the relationship between weight concentration and 
the quantity Hu/Ho (ratio of ultimate height to 
original height of the sediment ) could be represented 
by straight lines on log-log paper for definite par- 
ticle size when the initial height was kept constant. 
From such a plot it is evident that sedimentation 
height is related to concentration by the equation 


(Eq. 1) 


where } and m are arbitrary constants representing 
the intercept and slope of the logarithmic plot, 
respectively, and ¢ is the weight concentration of 
the suspended particles per 100 ml. of suspension. 

Procedure.—Aqueous dispersions of sulfamera- 
zine and bismuth subnitrate were selected for this 
study, since they form a dense, difficultly redispers- 
ible cake. Powdered sulfamerazine U. S. P. was 
screened through a series of U. S. Standard sieves. 
The fraction used was that which passed through a 
No. 100 sieve and was retained on a No. 170 sieve 
Bismuth subnitrate N. F. particles were classified 
by the sedimentation-elutriation method. Micro 
scopic observation showed that both deflocculated 
powders consisted of particles within the size range 
of 2 to 10u. Aqueous suspensions were prepared 
with various concentrations of powders, calculated to 
dry weight. Aerosol OT' was employed as a wetting 
agent for sulfamerazine to reduce the hydrophobic 
nature of the particles. The addition of the sur- 
face-active agent was found to have little or no effect 
on the recorded observations 

The suspensions were allowed to settle in 4- X 
60-cm. calibrated, vertically mounted, glass sedi- 
mentation tubes held at ordinary room temperature 
(Preliminary tests in a thermostat over a range of 
temperatures showed that room temperature was 
quite satisfactory for this work The sediment 
height was recorded at various time intervals until 
the ultimate sedimentation height, Ju, was reached 


RESULTS AND DISCUSSION 


Sedimentation Studies.— When the particle con- 
centration is such that a mutual interference in the 
motion of the particles reduces the velocity of 
sedimentation, the phenomenon known as hindered 
settling occurs. Aqueous sulfamerazine dispersions 
in concentrations of 1, 2, 5, 10, 15, and 20 Gm. per 


log Hu/Ho = log b + m log c 
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Hu/Ho ratio for sulfamerazine was large compared 
to the nonflocculated suspension, and there was no 
evidence of cake formation he results are shown 
in Fig. 3 

The viscosity of the system was observed to rise 
sharply at high flocculent concentrations and the 
rise in Hu/Ho above 0.6 molar concentration of 
aluminum chloride was due to these effects. Dis 
regarding viscosity effects, a continued decrease in 
Hu/Ho would be anticipated, which should even 
tually result in a caked condition as shown by the 
dotted line in Fig. 3 
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Fig. 3.--Sedimentation height ratio for 2 Gm_/ 100 
ml.sulfamerazine suspension flocculated with various 
concentrations of aluminum chloride 


The addition of monobasic potassium phosphate 
did not prevent caking in the sulfamerazine system 
The Hu/Ho ratio of this sample was roughly the 
same as that for the nonflocculated suspension, and 
redispersion of the sediment was found to be diffi 
cult 

Bismuth subnitrate studies were made by methods 
similar to those of sulfamerazine with the omission 
of the wetting agent. Monobasic potassium phos 
phate was found to be a good flocculating agent, 
while aluminum chloride had no effect on the bismuth 
subnitrate The results may be seen in Fig. 4 

Effect of Hydrophilic Colloids... The effect of the 
addition of hydrophilic colloids was observed on 
sulfamerazine dispersions in the presence of alumi 
num chloride or monobasic potassium phosphate, as 
recorded in Tables I and II It was found that at 
low concentrations, used to avoid viscosity effects, 
either Kelcoloid LV? or CMC® (sodium carboxy 
methvicellulose) did not enhance the sedimentation 
characteristics of the sulfamerazine dispersion. In 
fact, in the presence of the colloidal dispersants the 
iddition of phosphate ions in some instances had an 
udverse effect on the Hu/Ho ratio when compared 
with the original nonflocculated aqueous suspen 
sion 

The floccule produced by aluminum chloride was 
quite stable, indicating that this preparation should 
have an extended shelf life Prolonged, inter 
mittent shaking in a mechanical shaking device 
had no effect on the sedimentation height, which 
indicated that the floccule was either not signifi 
cantly broken up or was reformed as soon as the 
igitation was stopped The suspension, flocculated 
with aluminum chloride, to which a small amount of 
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Conen AICh 
Gm_/100 mi Molar 
Combination Suspension Conen 


Sulfamerazine* 2.00 


Distilled water 


2 
0.02 


Sulfamerazine* 
Keleoloid LV 


200 


Sulfamerazine® 


CMC 


Sulfamerazine” 2 OO 0.001 
\ICl, -6H,O 0.008 
0.004 


Sulfamerazine’ L\ 2.00 0.001 
Kelcoloid 0.02 0.008 
AIC], -6H,O 0.004 


Sulfamerazine’ 2 00 0.001 
CMC 0.02 0.003 
\ICL -6H.O 0. 004 


* The suspension contained 0.1 Gm. Aerosol OT per 100 ml 


TABLE II 


Conen K 

Gm_/100 mil Molar 

Combination Suspension Conen 
Sulfamerazine 2 00 

Distilled water 

Sulfamerazine 2.00 0.001 

KH,PO, 0.004 

0.007 

Sulfamerazine 2 O00 0.001 

Kelcoloid L\ 0.02 0.004 

KH.PO, 0 007 

Sulfamerazine 2 00 0.001 

CMC 0.02 0 004 

KH,PO, 0.007 


The suspension contained 0.1 Gm. Aerosol OT per 100 ml 
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Fig. 4..-Sedimentation height ratio for 2Gm_/100 
ml. bismuth subnitrate suspension flocculated with 
various concentrations of monobasic potassium 
phosphate 


CMC was added as a suspending agent, also ex 
hibited a stable floccule structure The well 
flocculated suspensions did not adhere to the sides 
and bottom of the containers on simple inversion, 
ind no evidence of caking could be observed over a 
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PHOSPHATE IONS 
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FLOCCULATION OF SULPAMERAZINE P. in THE PRESENCE OF KELCoLorD LV, CMC, AND/oR 
ALUMINUM IONS 


Hu/ Ho 
Ratio Comments 
0.08 No flocculation, difficult to redis 


perse, caked 


0.08 No flocculation, redispersible, soft 


cake formed 


No flocculation, difficult to redis- 
perse, caked 


0.08 Large floccule formation, easily 
0.10 redispersed, no caking 
0.10 


0.02 Floccule formation, easily redis- 
0.06 persed, soft cake formed 
0.05 


0.09 Large floccule formation, easily 
0.10 redispersed, no caking 
0.09 


» The suspension contained 0.2 Gm. Aerosol OT per 100 ml 


Hu/Ho 

Ratio Comments 

0.08 No flocculation, difficult to redis 
perse, caked 

0.08 No flocculation, difficult to redis 

0.03 perse, caked 

0.02 

0.08 No flocculation, difficult to redis- 

0.08 perse, caked 

0.02 

0.02 No flocculation, difficult to redis- 

0.03 perse, very hard cake formed 

0.038 


period of three years. However, the concentration 
of CMC or Kelcoloid was too low to suspend the 
product adequately. When the concentration of 
the hydrophilic colloid was adequate to suspend 
the sulfamerazine dispersion, the aluminum ions 
formed stringy masses of colloidal material that 
made the product pharmaceutically unacceptable 


SUMMARY 


The study demonstrates that a suspension in 
a state of fine deflocculated particles leads to, 
rather than obviates, caking. Moreover, mod 
erate amounts of some commonly used suspending 
agents and electrolytes exaggerate, rather than 
The Kelcoloid, 
CMC, and phosphate ions had such an effect on 


prevent, caking addition of 
aqueous sulfamerazine dispersions in the absence 
of flocculating rhis 
that controlled flocculation, rather than defloc 


agents study suggests 
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culation, will prevent caking in some pharma 
ceutical suspensions. Small amounts of non 
toxic flocculating agents, such as aluminum 
chloride and monobasic potassium phosphate 
may be employed to partially flocculate sul 
famerazine and bismuth subnitrate suspensions 
and form loose clusters of particles that do not 
cake 

However, the addition of suspending agents 
such as CMC, most of which are negatively 
charged, cannot be added to stabilize the sulfa 
merazine suspension flocculated with aluminum 
chloride. The aluminum ions react with neg 
atively charged viscous suspending agents and 
form a precipitate of strings and clumpy masses 
On the other hand, the addition of a suspending 
agent to the bismuth subnitrate particles floc 
culated with phosphate ions shows no such 


incompatibility rhis has already been observed 


Evaluation of a Sustained Release Form of 


Journal of Pharmaceutical Sciences 


by Schmitz and Hill (9) and Husa and Plaxco 
(10 Further work must be done to overcome 
these difficulties 
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Phenylpropanolamine Hydrochloride by 


By K. R. HEIMLICH, D. R. 


Urinary Excretion Studies 


MacDONNELL, T. L. FLANAGAN, 
and P. D. O'BRIEN 


The sustained releasing properties of phenylpr« 
tained in Spansule capsules were evaluated by conducting urinary excretion studies. 


The average maximum rate of excretion after a unit dose of unprocessed drug was 
used as a basis of comparison for two sustained release dosage forms. The data 


R' CENTLY, several studies have been reported 


in the literature in which urimary excretion 
data have been emploved for the evaluation of 
sustained release dosage forms (1-5) The de 
sign of the experiments and the use of the data 
collected in these studies have varied somewhat 
with each investigation, depending on the type of 
drug used and the purpose of the study. In most 
cases, the extent to which urinary excretion data 
may be used in the evaluation of sustained dosage 


forms will depend upon the specificity of the 


Received August If 1900, from the Pharmaceutical 
Chemistry Section. Smith Kline and French Laboratories 


Ace ted for ptember 

Presented t Section, A Pu A. Washington 
meeting 

The authors wish to thank Dr S M_ Free for his assistance 
in the statistical evaluation, Dr ¢ mpsen for the mm om 
analyses. and Mr I Eisdorfer for hi ggestions concerning 
the methodology for the biochemical assays 


on the sustained release preparations were also evaluated statistically. 


quantitative method, the metabolic fate of the 
drug in the body, and the relationship between 
pharmacological response and the level of the 
drug in the blood or tissues 

Sustained release forms of drugs which are 
excreted completely and essentially unchanged 
and for which the drug level in the blood may be 
directly related to response afford a straight 
forward and precise evaluation of the prolonged 
action (1). However, this direct evaluation ts 
not always possible, since some compounds 
undergo complicated detoxification or recycling 
processes, and it may not be practical to use an 
analytical procedure which will distinguish be 
tween unchanged drug and metabolites. Also 
the level of the drug in the blood may not bear a 
direct relationship to the pharmacological re 
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sponse. In these instances, it is necessary to 
evaluate the sustained release characteristics of 
the dosage form by a relative comparison with 
the unprocessed drug. These comparisons may 
be accomplished by determining the amount of 
drug excreted in the urine after the administra 
tion of a sustained release dose and after multiple 
doses of unprocessed drug (6), or by comparing the 
urinary excretion rate over the claimed period of 
action after the administration of a sustained 
release dose with the average maximum excretion 
rate after administration of a unit dose of un 
processed drug (3) 

The present study deals with the evaluation ot 
a sustained release form of phenylpropanolamine 
hydrochloride in the following Spansule! capsule 
formulation: 


phenylpropanolamine hydrochloride 50 mg 
chlorpheniramine maleate S mg 
isopropamide (added as the iodide) 2.5 mg 


The evaluation was carried out on the phenyl 
propanolamine hydrochloride component since 
the sustained release properties of chlorphenir- 
amine maleate in a similar dosage form were pre 
viously determined (7, 8). Isopropamide, being 
an inherently long acting drug, was not put into 
sustained release form. The Spansule capsule 
dosage used in the tests was three times that 
recommended for the commercial product to 
facilitate the analytical procedure 

The evaluation was conducted in a series of 

The first was carried out to deter 
excretion 


three tests 
mine the characteristics of the un- 
processed drug, the second to obtain excretion 
data after the administration of two different 
sustained release formulas, and the third to test 
the excretion after the administration of divided 
doses of unprocessed drug 


EXPERIMENTAL 


Preparation of Dosage Forms. The general pro- 
cedure used in the preparation of the sustained re- 
MacDonnell (9) 
The chlorpheniramine maleate and phenylpropanol- 
amine hydrochloride were contained on a single 
population of pellets to which were applied varying 
amounts of a slowly digestible sustained release 
coating. The verious sustained release groups thus 
prepared were blended in amounts calculated to ob- 
tain materials with two different in vitro release rates 
The blends were then mixed with nonsustained re 
The 
in vitro release rates of the chlorpheniramine maleate 
and the phenylpropanolamine hydrochloride were 
determined using the apparatus and general method 
reported by Souder and Ellenbogen (10). The per- 


lease material was that given by 


lease isopropamide pellets and encapsulated 


' Smith Kline and French brand of sustained release com 
positions 
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centage of drug released at specified times was ob- 
tained by difference after spectrophotomettically de- 
termining the amount of drug in the undisintegrated 
pellets remaining in the apparatus. The im vitro 
release rates of the two formulations, formula F and 
G, after encapsulation are given in Table I 


I|.—-Jn vitro Re_ease RATE OF PHENYL- 
PROPANOLAMINE HYDROCHLORIDE AND CHLORPHEN- 
IRAMINE MALEATE FROM SPANSULE CAPSULES 


Per Cent Drug Released per Hourly 


Intervals 
+ l'/: + + 
Formula Drug 
F 34 
41 
4 


5 


Time in simulated gastric fluid TS. U 
simulated intestinal fluid T.S. U.S. P._ XV 
» Phenylpropanolamine hydrochloride 
« Chlerpheniramine maleate 


The nonsustained release forms of capsules used in 
the study were made by preparing lactose dilutions 
of the three drugs 

Analysis of Specimens.—Sympathomimetic 
amines have been determined in biological media by 
various investigators (11-14); however, the meth- 
ods were either nonspecific or time consuming. The 
oxidation of amino acids containing a hydroxyl and 
an amino group on adjacent carbon atoms has been 
reported (15-17). Since phenylpropanolamine 


[< ] 


also contains the adjacent hydroxy! and amino groups 
in the side chain, the oxidation to benzaldehyde with 
subsequent extraction and spectrophotometric analy 
sis appeared to be a convenient method of analysis. 

The analyses were carried out by pipetting 0.5 
ml. of each urine specimen into each of two 40-ml. 
centrifuge tubes. One of these tubes was designated 
as the blank. Water in the amounts of 1.5 ml. and 
0.5 ml. was added to the blank and test samples, re- 
spectively, followed by one drop of phenolphthalein 
indicator. The solutions were made basic to the 
indicator by adding 1 N sodium hydroxide in a drop- 
wise manner. Then 1 ml. of 0.075 M sodium perio- 
date was added to the test sample. The samples 
were agitated and set aside for ten minutes. After 
the addition of 10 ml. of ether to each tube, they 
were placed on an automatic shaker for ten minutes. 
The ether phases were transferred to clean 40-ml. 
centrifuge tubes containing 5 ml. of 0.1 N sodium 
hydroxide and shaken for five minutes. The 
ether layers from the oxidized and blank samples 
were transferred to l-cm. glass stoppered cuvettes 
and read in an ultraviolet recording spectrophotom- 
eter. The test sample was read against the 
blank over the range of 220 to 280 mu, and the ab- 
sorbance at 266 my (trough) subtracted from the ab- 
sorbance at 242.5 my (peak) to obtain the absorb- 
ance from benzaldehyde in the oxidized sample. 
This value was converted to concentration of 
phenylpropanolamine hydrochloride by means of the 
standard curve shown in Fig. 1 

Clinical Studies.._In the first test three healthy, 
adult subjects were given 50 mg. of phenylpro- 
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Standard curve for phenylpropanolamine 
hydrochloride in water 


panolamine hydrochloride, mg 


maleate ind 


of chlorphenir 
25 mg. of tsopropamide as the 
formula H) in a unit dose All 

sdministered one hour before 
Urine samples were collected as indicated in 


uUnproce ssed drug 
dosage forms were 
meals 
the tabulated data given in Table II 

In the second test, five 


subjects were given 150 


mg. of phenylpropanolamine hydrochloride and 24 
mg. of chlorpheniramine maleate in sustained re 
lease form and 7.5 mg. of tsopropamide in non 
sustained release form as 3 Spansule capsules 
formula F Also, six subjects were given the 


same dosage in the form of three slower +n vitro re 


leasing Spansule capsules (formula G Specimen 


Table 111 
idministered 


collections were made as indicated in 


In the third test, nine subjects were 
HM) mg. of phenylpropanolamine hydrochloride, 8 mg 
of chlorpheniramine maleate, and 2.5 mg. of tso 
formula H 

initial dose, the 
Thus, the 


total dose taken in three divided amounts was equal 


propamide, all in the unprocessed form 
At four ! after the 
subjects again ingested the same dosage 


und exght hours 


to that taken in sustained form in the second tests 


Again urine specimens were collected for the time 


periods giver in Table III 


RESULTS AND DISCUSSION 
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However, as 
more objective im vivo data are collected on various 


bited desirable in vivo characteristics 


method of im 
vitro testing used in this study (10) acquires more 
significance as a guide to formulation. It has been 
found that drugs which are freely soluble or soluble 
according to the U. S. P 


drugs in sustained release form, the 


classification and have 


pKa values of 8 to 10 have produced satisfactory 
sustained in 


vivo responses if their release im vitro 


has approximated the following release rate pattern 


Time, br Drug Released 
20-40 
2 


60-80 


> SU) 


Also, materials which have had significantly dif 
ferent im vitro release rates have been shown to be 
unsatisfactory by objective in : Based 
upon facts, the form ol 
phenylpropanolamine hydrochloride was prepared 


ive tests (6) 
these sustained release 
with the above release rates as the best estimate for 
product The significantly 
material was prepared to determine if a decrease in 
the im vitro release rate would produce a 
tionate decrease in the im vive availability 
The metabolic fate of sympathomimetic amines 
varies with different compounds and with the test 
animal used. Richter (11) reported a 92°, 
of ephedrine in the urine after twenty-four hours 
However, no distinction was made between ephed 
rine norephedrine. No oxidation by 
found Axelrod (14) found small 
amounts of ephedrine to be excreted as p-hydroxy 
ephedrine p-hydroxynorephedrine Also, p 
hydroxyamphetamine has been shown to be ex 
creted in the utine of dogs as a major metabolite of 


i satisfactory slower 


propor 


recovery 


and amine 


oxidase was 


and 


amphetamine (18 

It was assumed in the present study that if 
hydroxylation of the phenylpropanolamine ring did 
occur, the oxidation product of this hydroxylated 
metabolite would not be extracted into the ether 
phase in the analytical procedure Thus, the 
benzaldehyde would result only from the oxidation 


of phenylpropanolamine. To test the validity of 
the assumption, two compounds, 2-amino-1-hy 
droxy-1-(4-hydroxyphenyl) propane hydrochloride 
and bu 


tane hydrochloride, were analyzed by 


method 


the present 
The spectrophotometric curves obtained 
in these analyses are shown in Fig. 2. The plots in 

i ring hydroxylated compound would 


dicated that 
not interfere with the analytical method It 


was 
concluded from this that the compound being 
measured was the oxidation product of phenyl 


propanolamine, i. e., benzaldehyde 


\FTER THE ADMINISTRATION OF A 


Dost 


Time Period, mg 


Post treatment 


8 S-I2hr 12-24 hr Total 
6.5 6.8 3.3 49 1 OR 2 
$1 3.1 $5.2 
9.6 7.0 5.6 101.0 
7 5.9 10 18.3 5 
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TABLE III 


EXCRETION OF PHENYLPROPANOLAMINE HYDROCHLORIDE AFTER THE 


235 


ADMINISTRATION OF 


SUSTAINED RELEASE DOSAGE FoRMs, MG. 


Pre 
treatment 


Subject 8-0 hr 


Formula F 


O-4 hr 


270 

WAVELENGTH (rrys) 
Fig. 2.—-Spectrophotometric curves of ether ex- 
tracts of SKF 11-A |phenylpropanolamine hydro- 
chloride], SKF [2-amino-l-hydroxy.1 (3,4-di- 
hydroxyphenyl) butane hydrochloride], SKF 45-A 
propane 


hydrochloride], and a blank 


The amounts of phenylpropanolamine hydro- 
chloride excreted in the urine after administration of 
a unit dose in the first test are given in Table II 

From the above data it is possible to calculate the 
biological half-life and the specific rate constant for 
excretion. Since the recovery of the drug was es- 
sentially complete, the data were plotted as per cent 
remaining in the body vs. time on semilogarithmic 
paper assuming first-order recovery. This plot is 
shown in Fig. 3. The specific excretion rate constant 
and the half-life were calculated from the plot using 

k = —2.303-slope (Eq. 1) 
and 
hie -693/k (Eq. 2) 
derived from first-order rate equations. These 
values are 0.18/hour and 3.9 hours, respectively 

These figures indicate that the drug is a good 

candidate for sustained release since a therapeutic 


Post -treatment 
12-24 hr 


24-36 hr Total, 


te 


~ 


19 
4 
16 


6 


blood level would be reduced by half in just 3.9 hours. 
Also, the data made possible a calculation of the 
amount of drug which should be used as a mainte- 
nance dose by employing the following 


A = k-b-h (Eq. 3) 


Where A is the maintenance dose, & is the specific 
excretion rate constant, / is the initial dose, and A 
is the number of hours for which action is desired 
The excretion rate constant, &, is 0.18/hour (found 
from the slope of the plot in Fig. 3), 6 is 50 mg., and 
h is 10-12 hours. Solving the equation for A gives 
a required maintenance dose of 99 mg. Since for test 
purposes three times the initial dose was given, onc- 
third this amount (approximately 33 mg.) was sup- 
plied in the commercial product. 

The average maximum rate of excretion in the 
early periods from the subjects in Table II is ap- 
proximately 7.1 mg./hour. The function of a sus- 
tained release dosage form is to duplicate as closely 
as possible this excretion rate for the time claimed. 
To determine this, the second test was carried out 
evaluating two sustained release forms having signifi- 
cantly different in ritro release rates (see Table I). 
The results are given in Table III 

In order to determine if a constant rate of excre- 
tion was obtained, the data in Table lil were 
plotted accumulatively against time in Fig. 4. The 
relatively good linearity from the four to twelve 
hour period for the formula F Spansule capsule indi- 
cates a fairly constant rate of excretion. The value 
of 7.6 mg./hour calculated from the slope of the 
line compares favorably with the average maximum 
rate of 7.1 mg./hour obtained after administration 
of the unit dose and demonstrates that sustained re- 
lease was established for the twelve-hour period. 
The formula G Spansule capsule was not considered 
satisfactory as demonstrated by lack of linearity in 
the accumulative plot and reduced physiological 
availability 

Another method of evaluation of sustained re- 
lease dosage forms is a statistical comparison of the 
urinary excretion of the drug after administration of 
the sustained release form and after divided doses of 
the unprocessed drug. To demonstrate this, the 
unprocessed drug was administered every four hours 
for three doses in the third test. The exeretion data 
are given in Table 1V 


|_| 
: Per Cent 
1-8 hr. 8-12 hr. Dose 
0.2 30.1 24.2 26.7 20.8 31.8 142.0 94.7 
2.1 21.0 25.5 36.7 39.5 133.4 88.9 
A. K 0.1 26.0 19.2 22 .6 28 123.5 82.3 
1.2 28.7 43.2 28.0 31 138.4 92.3 
¥. ©. 1.5 33.5 46.0 30.7 27 143.9 95.9 =, 
i 2 Mean 10 27.9 31.6 28.9 31 136.2 90.8 i 
Formula G 
5-4 J.O'N 1.3 3.2 11.5 17.9 51 102.4 68.4 
S. L 1.4 9.6 16.8 22.7 40 101.8 67.9 a 
e Cc. L 1.8 1.8 9.4 15.5 49 104.8 69.9 7 
J.E 0.2 2.3 13.4 13.4 25.9 72.3 48.2 
W.B 4.5 17.0 20.4 42.4 103.8 69.2 
4 Mrs. W. B 0.8 8.3 18.5 22.5 41.8 95.8 63.8 - 
Te a Mean 1.4 5.0 14.4 18.7 41.9 96.9 64.08 
ta af SKF No 9 100 
SKF No 45 (OO 
Biank | 
oe 
w 54 
44 
2 
“See, 
\ 
ne 
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100 *, These data were compared statistically by 
analysis of variance with the data in Table III 
80-4 The comparison is shown in Table \ 
7 % The significant value for the F test at the 95°, 
60- “. confidence level for formulas is 4.45 and for for 
50- 7 mulas X times (release rate patterns) is 7.71. Thus, 
there are no significant differences in the excretion 
» 40-4 levels, patterns (formula times) or the per cent 
Q of dose recovered after the administration of the for 
. 30- mula F Spansule capsule and the formula H cap 
sules (unprocessed drug) given every four hours for 
2 three doses. This is also reflected in the accumula 
. 20+ tive plots shown in Fig. 5. This plot also indicates 
© that, although fairly good linearity was produced 
< from the four to twelve-hour period for both forms, 
2 t true equilibrium state was not established. The 
x slope of the unprocessed drug plot was found to be 
= 1o- approximately 7.8 mg hour This value should 
et 9.0- have nearly equaled the input rate, since the re 
8.0- covery of the drug was found to be essentially com- 
® 7.04 plete 
6.0- The excretion levels, pattern, and per cent of dose 
5.04 recovered from the formula G Spansule capsule were 
> significantly different from the other two formula 
of tions and were considered unsatisfactory 
YJ v These comparisons indicate that the formula F 
Oo 2 4 6 8 10 i2 14 16 16 Spansule capsule can in all respects adequately re 
TIME IN HOURS place multiple daily dosage of unprocessed drug 
Fig 3. -Urinary excretion of phenylpropanol The data also indicate that sustained release for 
imine hydrochloride after the administration of a mulations having distinctly different im vitro re 
unit dose of 50 mg. with 8 mg. of chlorpheniramine lease rates as determined in this study can be readily 
maleate and 2.5 mg. of isopropamide differentiated in urinary excretion tests 
a 
5 4 
4 4 
~ 
6 
E « 
J o——@FORMULA F SPANSULE CAPSULE 
SF CAPSULE @---@ UNPROCESSED OFRUG (1:4) 
PANSULE ar q 
/ 24 36 
24 36 TIME N HOURS 
Fig. 5.-Accumulative urinary excretion of 
Fig \ccurmulative urinary excretion of phenylpropanolamine hydrochloride after the ad 
phenyvipropanoclamine hydrochloride after adminis ministration of unprocessed drug (t.id.) and sus 
tration of sustained release capsules tained release capsules 


MILLIGRAMS OF PHENYLPROPANOLAMINE HYDROCHLORIDE EXCRETED APTER THE ADMINISTRA 
or 50 MG. or Unprocessep Druc Every Four Hours ror THree Doses 
Post treatment 
Pre hr 
treatment Per Cent 
Subyect O hr O-4 he She hr 12-24 he 24-36 hr Total, mg Dose 
|. E 23 43 21.3 33.8 +4 117.5 78.3 
04 154 28.7 39.9 84 122.5 81.7 
S.M 37 36.0 130.1 86 7 
25 3 37 8 $100 120.9 80.6 
GC 2.9 41 7 1) 6 5.5 145.9 97 3 
21.7 7 4 35.6 5.8 140.8 93.9 
B. 22.6 7.0 4403 15.0 125.3 83.5 
\.K 0 19 ¢ 22.4 0.0 32.2 26.9 131.1 87.3 
Cc. N 14 “0 25 6 5.7 14.8 141.0 94.1 
Mean 0.7 1 31.2 38.7 1300.6 87.1 
= 


‘ 
‘ 
~~ 
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Source of Variation df SS 


Amounts Excreted 


Formulas 
F vs. H 
Other 
Patients within 
Times 
Times X Formula 
Time X (F vs. H) 
Misc 
Residual error 
Total 
F vs.G 
Time vs. F vs. G 
Per Cent of Dose 
Formulas 
F vs. H 
Misc 
Patients within 824 
Total 32 
F vs G 


2430 


SUMMARY 


1. The urinary excretion rate parameters, 
specific excretion rate constant, and biological 
half-life for phenylpropanolamine hydrochloride 
were determined. The excretion data showed 
the drug to be rapidly and almost completely ex 
creted and a good candidate for a sustained re- 
lease preparation. 

2. A sustained release preparation (formula 
F) judged by im vitro tests as adequate, main 
tained an excretion rate for twelve hours which 
compared close], to the average maximum excre- 
tion rate after ingestion of a single dose of un 
processed drug. A prepara- 
tion purposely prepared so that it had a sig- 


sustained release 


nificantly slower in vitro release rate (formula G) 
proved to be unsatisfactory as shown by the 
urinary excretion pattern and the total avail- 
ability 

3. A statistical comparison of urinary excre 


tion after the administratiou of sustained release 


TABLE V.—ANALYSIS OF VARIANCE OF DATA From TABLes III AND IV 


material and the unprocessed drug indicated that 
the Spansule capsule was in all respects equivalent 
to administering the unpro cessed drug every four 
hours for three doses 
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547.26 
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59 21.74 
35 1788.33 
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581.38 145.34 2.41 7 
713.44 178.36 2.96 
37 60.12 
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Determination of the Hydrophile-Lipophile Balance 
of Acacia Using Various Surfactants 


By WALLACE L. GUESS 


The hydrophile-lipophile balance (HLB) of acacia has been determined in the 


presence of vaste ethylene oxide derivatives of sorbitan fatty acid esters. 
also found that different lots of acacia produced the same HLB values. 


It was 
A revised 


HLB value of 11.87 for acacia has been proposed. 


SYNTHETIC surfactants have 
the HLB system (1, 2 
making the use of these products in pharmaceuti 


The 


been classified by 


cal formulations simpler extension of the 


HLB system of classifying emulsifying agents to 
natural products has been recently reported 
,, 4 However, it was felt that the HLB 
values reported in these papers were extremely 


low for such an efficient emulsifier as acacia. It 


that including surfactant 


lot of 


was felt many factors 


employed, conditions of agitation, and 


acacia used could have been responsible for the 
reported 


value Pherefore, the work reported 


here was undertaken to determine (a) if a 


variation of surfactant would cause a change in 


the HLB of acacia, (4) if conditions of agitation 
exerted any influence on the HLB, and (c) 
whether there would be lot variations between 


inious samples of acacta 


EXPERIMENTAL 


In order to determine the HLB value of acacia, 
oil-in-water emulsions were prepared from a single 
lot of liquid petrolatum U. S. P. using acacia in 
conjunction with a synthetic surfactant of known 
HLB walue 

Determination of HLB Value. The method 
originated by Griffin (1) and modified by Chun, 
4), used in this stud) \ moisture 
determination on acacia by the toluene distillation 
method and b ven-heating at 100° was carried 
wit in order to be assured of an accurate amount of 
ccacia in each experiment The proper quantity 

f acecia was weighed on an analvtical balance 
ind distributed in the oil phas The calculated 
quantity of Tween' wa dded to the ol as an 

queous dilution containing 100 mg. Tween per ml 
Distilled water w then added to make a total 
weight of 10H) Gr The final emulsion contained 
liquid petrolatun 

Emulsification w effected by shaking on a Red 
Devil paint conditioner at 1,600) oscillations per 
minute Each emulsion was iken for five minutes 
immediately ifter mixing the components A 


second five minutes iking was undertaken one 
hour later, and a final five-minute period of shaking 
was conducted at the end of twenty-four hours 

Received luly from the exe of Pharmacy 
niversity of Texa Austin 

Accepted for publication J wad 

The author t thank wiler fiw 
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Phe emulsions were allowed to stand undisturbed 
for twenty-four hours after the final shaking and 
evaluated. Subsequent experiments to evaluate 
conditions of agitation were carried out in a Waring 
Blendor, and by shaking by hand for a given period 
of time 

Evaluation of the Emulsions. — The 
were evaluated primarily ou the basis of degree of 
creaming and oil separation 


the 


emulsions 


In almost every case, 
best emulsion of a given series showed a lesser 
degree of creaming and oil separation than a poorer 
the 
emulsions were almost identical, evaluation was on 
the basis of color and apparent globule size. All 
emulsions ‘blind”’ technique 
and confirmed by another research worker 
Calculations. When the optimum ratio of acacia 
to synthetic surfactant had been determined by the 


one in series. Occasionally, where two good 


were evaluated by a 


evaluation procedure, the HLB of acacia was 
calculated from the formula (3 
R (Hx S 
HLB 

where HLB is the calculated value of acacia, R is 
the “required HLB” of the liquid petrolatum, 
H is the HLB value of the Tween used, S ts the 


per cent of Tween expressed as a decimal fraction, 
ind N is the 
decimal fraction 

The revised HLB value of 12.0 for liquid petro 
latum was used in all calculations 


per cent of acacia expressed as a 


RESULTS AND DISCUSSION 


Over 100 emulsions were prepared and evaluated 
in the determination of the optimum ratio of acacia 
to synthetic emulsifier, Figure | is a typical ex 
umple illustrating how the ratio of acacia to Tween 
80 was until the optimum 
was reached for liquid petrolatum. The emulsions 
corresponding to a given ratio of acacia to Tween 
illustrated with The final 
series of emulsions (series 5 the entire 
of HLB values and confirmed the best ratio 


successively decreased 


open circles 
covered 
range 
of emulsifiers 

The results of this study, covering three different 
lots of acacia and four different polyoxyethylene 
sorbitan fatty acid esters are Table I 

It appears from the results Table I 
that there is no significant difference in the HLB 
of acacia caused by the particular Tween being used 
rhe reporting of an HLB value in the second decimal 
place is a questionable value, but is only shown in 
lable I to indicate the magnitude of the first decimal 
It would also appear from an 


shown in 
shown in 


higure inspection of 


| 
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Flow diagram indicating method of reducing 
emulsifier ratio for HLB determination 


Fig. 1 


Taste Resu_ts or Stuprrs ON THE Dt 
TERMINATION OF THE HLB or ACACIA 


HLB of Acacia When Used With 
Acacia Tween Tween ween Tween Average 
Lot No 20 10 “0 so) HLB 
Ruger, lot 
38 11.87 11 83 11.84 11.84 
Penick, lot 
WRB-52 
Penick, lot 
WOB 
1524 sS 92 11.92 I1 
Average 
HLB 


11.84 11.88 


11.87 


Tue Errect or METHOD OF AGITATION 
ON THE HLB or ACACIA 


II 


HLB of Acacia By 
Waring Hand 
Acacia Lot No Blendor Shaking 


Ruger, lot 38 11 87 11.84 
Penick, lot WRB-52 11 84 11 92 
Penick, lot WOB-1524 11.92 11.87 

Average HLB 11 88 11 88 


Table I that there is no significant influence of the 
lot or source of the acacia on the HLB value. It 
should be pointed out, however, that only three 
different lots of acacia were .vailable for this study 
and therefore it does not necessarily imply that al! 
acacia samples would show an average HLB of 
11.87. It iv a well-known fact that some samples 
of acacia (tears vs. powder, for example) show some 
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different physical properties. It would not be 
surprising that there might be some slight difference 
in HLB values with different lots of acacia 

In order to determine if method of agitation had 
any influence on the HLB of acacia, emulsions were 
prepared as previously outlined, but were agitated 
in one series by stirring two minutes in a Waring 
Blendor at the specified intervals. A second series 
was agitated by shaking by hand for two minutes 
at the specified intervals. In this determination, 
all three lots of acacia were used but only Tween 
80 was used as the surfactant since it appeared 
that there was no significant difference in the effect 
of surfactant. The results are listed in Table II. 

It appears from these results that method of 
agitation has no influence on the HLB of acacia 
so long as the degree of agitation is essentially uni 
form for each series and sufficiently violent to form 
an emulsion of fairly small globules. It should be 
emphasized that emulsions made on the Waring 
Blendor were finer than those made by hand and 
that the degree of creaming was also considerably 
However, the end result was that the HLB 
was unchanged 


less 


CONCLUSIONS 


1. A study of the effects of various surfactants 
on the HLB of acacia has been conducted and it 
was found that the Tween used had no effect on 
the HLB 

2. An investigation of the differences in 
the HLB of acacia revealed that no 
change in HLB was caused when three different 
lots of acacia were used 


lots on 


3. The study indicates that the method of 
agitation had no effect on HLB values as long 
as the agitation was uniform and sufficient to 
form a stable emulsion 

4. An HLB value for acacia which is more 


indicative of its ability to emulsify liquid petro 
The HLB value for 
acacia determined in this study was found to be 
11.87 


latum has been determined 
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Pharmacological Investigation of Certain 
Valeriana officinalis L. Extracts 


By J. A. ROSECRANS, J. J. DEFEO, and H. W. YOUNGKEN, Jr. 


The roots of Valeriana officinalis were extracted by various solvent extraction pro- 


cedures and the fractions prepared were tested for their biological activity in an 
attempt to isolate the most active constituents. Two fractions, V103 and V115, both 
showed some ability to potentiate the pentobarbital sleeping time in rats. The V1 15 
fraction was also shown to possess greater hypotensive properties than V103. 
Countercurrent distribution extraction of V115 yielded three fractions, one of 
which produced hypertensive effects and the other two produced hypotensive effects. 
Due to inability to reproduce another active V115 fraction, V103 was selected for 


further testing. 


The V103 fraction depressed the general activity of rats without 


producing sleep, exhibited respiratory depressant properties, and produced hypo- 


tensive effects in rats, rabbits, cats, and dogs. 


V 103 appears to produce hypotension 


partly through parasympathomimetic activity and blockage of the carotid sinus reflex. 
It inhibited the activity of isolated intestinal tissue at low doses and produced a 
secondary stimulant effect at higher doses which could be blocked by atropine. 


DRIED ROOTS Of Valeriana officinalis L., 
a perennial herb indigenous to Europe and 
Asia, have been employed for sedative purposes in 


various forms since early times (1-3 he drug 


has been described in the United States Pharma 
copeia, 1920-1940, and the National Formulary, 
1040-1950, and various investigators have re 
ported the alcoholic tinctures of the root drug to 
be useful in the treatment of hysteria, some types 
of insomnia, and as analgesics 

Chevalier (4) showed that valerian root pro 
duced depressant and paralyzing effects on the 
central nervous system and concluded that this 
action was due to a volatile alkaloidal constitu 
ent. Valerian’s sedative properties were further 
investigated by Boruttau (5) who showed that it 
potentiated barbiturate-induced sleep im man, 
but not in lower animals. The sedative proper 
ties were discussed by others who concluded that 
valerian was a useful sedative, especially in cases 
of hystena ((-S 

Several other pharmacological actions have 
been described for this plant drug. Pilcher (9 
demonstrated that the fluidextract of valerian 
depressed uterine activity It was also shown 
that the infusion of valerian and sodium valerate 
were tmactive Valerian was also shown to 


possess one fiftieth the potency of cocaine as an 


anesthetic (10) Blackie and Ritchie (11) also 
found that valerian possessed hypotensive proper 
ties. They demonstrated that atropine blocked 
this effect by fifty per cent. Bejrablaya (12 
valenan’s sedative 


reinvestigated properties 
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V 103 is relatively nontoxic. 


The results indicated that alcoholic extracts of 
the dried roots had some ability to potentiate 
barbiturate sleeping time in animals, a property 
common to several tranquilizers (13) 

In the course of a phytochemical examination 
of the valerian root by our Department of 
Pharmacognosy several extractives and_ their 
isolates were prepared by conventional solvent 
extraction procedures, including the use of coun 
tercurrent distribution methods This report 
describes certain pharmac logical pre yperties 
observed from the study of the most active ex 
tract, a 90 per cent ethyl alcohol extract of the 
crude valerian root and of two fractions prepared 
from this extract 


METHODS 


Iwo kilograms of dried and powdered number 40 
mesh valerian root! was extracted in a continuous 
extraction chamber with ether (b.p. 380-480°) until 
completely exhausted. Approximately 3 Kg. of the 
defatted drug was then further extracted by 90% 
ethyl alcohol in a Soxhlet apparatus. The ethyl 
aleohol-soluble extract (211 Gm.) was designated 
\ 108 and then set aside for testing 

\liquots of the alcohol extract (V103) were then 
refluxed for six hours with a mixture (4:1) of methyl 
ileohol and concentrated hydrochloric acid. The 
soluble portion was filtered and the solution shaken 
with distilled water. Insoluble materials were 
filtered off and the aqueous extract subjected to 
further fractional extraction using U. S. P. ether 
The aqueous phase was then concentrated and ex- 
trated with n-butyl alcohol, whereupon the water- 
soluble portion was separated, evaporated to dry- 
ness, and re-extracted with methyl alcohol. The 
methyl alcohol extract was refluxed with activated 
charcoal for two hours, filtered, and set aside for 
further testing This extract was designated V115 
ind approximately 4 Gm. was obtained in each 


cas 
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Aliquots of V115, 2 to 5Gm., were mixed in a post 
countercurrent distribution apparatus with ethyl 
icetate as the moving phase and water as the sta 
tionary phase. Following each cycle of extraction, 
tubes number 1-50 were tested. Of these, tubes 
number 2 (40°)), 4 (30°), and 6-11 (combined 
5°>) showed activity during preliminary pharma 
cological testing. These were therefore set aside 
for more thorough evaluation 

Alcoholic extracts of valerian were first screened 
for their effects on the pentobarbital sleeping time 
in rats (14) and for their hypotensive effects in rats 

Phe alcohol extract (V103) was further evaluated as 
to its general pharmacological properties and its 
mechanism of action on blood pressure. 

Pentobarbital Sleeping Time in Rats.—_Each ex- 
periment utilized twenty male albino rats (Wistar 
strain) which were starved twenty-four hours prior 
to the experiment. Ten animals were used in each 
control and experimental group. The valerian 
extracts in each case were concentrated to dryness, 
dissolved in distilled water, and administered intra- 
peritoneally thirty minutes prior to an anesthetic 
dose of pentobarbital sodium (35 mg./Kg.). The 
duration of sleeping time was recorded from the 
time the animals lost their righting reflex until the 
time of recovery 

Hypotensive Studies. — The experiments were con 
ducted in rats (150-225 Gm.), cats (2.3-3.0 Kg.), 
dogs (14-19 Kg. ), and rabbits (2.75-3.2 Kg.) of both 
sexes. All animals except the rats were anesthetized 
with an intraperitoneal injection of 25-35 mg./Kg 
pentobarbital sodium. The rats were anesthetized 
with an intraperitoneal injection of 1.2 Gm./Kg 
urethane because of its lack of effect on blood pres- 
sure. The effects of the extracts on blood pressure 
were recorded by direct cannulation of either the 
carotid or femoral artery with a system consisting of 
mercury manometer connected to the cannula by a 
fluid bridge of 7.5°% sodium citrate solution. The 
effects on the blood pressure were recorded on a 
slowly moving smoked kymograph. Heparin so 
dium, 0.01 mg./Kg. was injected intravenously, and 
an equal amount added to the cannula to prevent 
clotting. Extracts in a dry form were dissolved in 
distilled water and administered via the femoral 
vein. 

The indexes of activity used to compare different 
fractions possessing a hypotensive effect are as 
follows: (a) the maximum percentage drop of the 
blood pressure caused by an active fraction (40- 
50%), (6) the duration of hypotensive effect 

In attempting to determine the mechanism of 
hypotension of the alcoholic extract (V103) several 
experiments were conducted in dogs and cats. The 
effects of the drug on the carotid sinus reflex were 
tested by bilateral carotid occlusion for thirty sec 
onds prior to, during, and following the hypotensive 
effects of the alcohol extract of valerian Epi 
nephrine (0.025 cc. of 1:1000) was administered 
prior to and during the hypotensive effects of the 
drug. The pre- and postganglionic fibers of the 
superior cervical ganglia innervating the nictitating 
membrane were also isolated, and stimulated elec 
trically prior to and during the hypotensive effects 
of the drug. In three animals atropine (1 mg./Kg 
was administered prior to a second dose of valerian 
Total vagotomy was performed before a second in- 
jection of valerian in two rats 
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Intestinal Motility.—A 1-cm. segment of rabbit 
ileum was resected and placed in a muscle bath 
containing 70 cc. of oxygenated Locke-Ringer’s 
solution maintained at 37°. Rhythmical contrac- 
tions of the muscle were recorded on a slowly moving 
smoked kymograph via a pulley system. The 
alcohol extract of valerian was added to the bath 
with a l-cc. syringe and allowed to remain in the 
bath for a period no longer than five minutes. 

Short Term Toxicity Study.—Two groups of 
albino rats were employed in these studies. The 
first group consisted of eleven male rats (125-150 
Gm.). This experiment terminated at the end of 
forty-five days during which the alcohol extract was 
administered intraperitoneally daily in doses ranging 
from 400-600 mg./Kg. At weekly intervals blood 
and urine analyses were conducted. Erythrocyte 
and leukocyte counts and clotting times were deter- 
mined by the usual methods (15). Urine albumin 
and dextrose, urine pH, and specific gravity were 
likewise also determined. 

A second group of twelve albino male and female 
rats weighing 40 to 60 Gm. also received valerian 
intraperitoneally daily in doses ranging from 400- 
600 mg./Kg. This experiment was performed to 
determine the effect of valerian on the weights of 
growing rats. 

LD, Determination. Fifty male and female mice 
of the C57 strain were utilized. The mice were 
starved twenty-four hours prior to the experiment 
and were divided into five groups of teneach. Each 
group consisting of six female and four male mice 
was administered the same dosage ranging from 
0.94.0 Gm./Kg. The doses were administered 
intraperitoneally and mortality was recorded within 
twenty-four hours following administration of the 
drug. The results were analyzed by the Litchfield 
and Wilcoxon (16) method 

General Activity.—In a preliminary experiment 
twelve mice (22-30 Gm.) and twenty rats (75-125 
Gm.) of both sexes were administered the alcohol 
extract intraperitoneally and observed for a period 
of several hours. The drug was administered in 
doses ranging from 0.3 to 6.0 Gm./Kg. Effects 
were recorded as a change from the normal activity 
of the animal 

A second experiment utilizing activity cages was 
conducted. Spontaneous movements of male mice 
(22-30 Gm., strain C56) were recorded on a slowly 
moving smoked kymograph via a pulley system 
attached to a cage which was sensitive to vertical 
and horizontal movements. The activity of two 
groups of six mice each were recorded simultane- 
ously in two different cages, with one group acting 
as a control. The alcohol extract of valerian was 
administered intraperitoneally in doses ranging from 
300 to 900 mg./Kg. thirty minutes prior to beginning 
the experiment. The control mice received an 
equal volume of normal saline. The activity of the 
control and experimental groups was calculated as 
the total number of movements per minute every 
ten minutes for one hour 


RESULTS 


Bejrablaya (12) reported that several fractions 
prepared from valerian potentiated the pento- 
barbital sleeping time in rabbits. Besides the impli- 
cation of a tranquilizing or sedative action of vale- 


, 
3 
ae 
A 
re. 
4 
3 


242 


rian, it was felt that this procedure could yield an 
excellent bioassay procedure in attempting to isolate 
in active fraction of valerian However, in twenty 
five experiments utilizing this procedure, only five 
experiments indicated any statistical significance, 
and it could only be concluded that the V108 and 
V115 fractions had effects on the sleeping time of 
anesthetized rats (Fig. 1 


Fig. la Effects of the V 108 fraction of valerian 
the average pentobarbital sleeping time m 


T 
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Fig. lb Effects of the V115 fraction of valerian 
on the average pentobarbital sleeping time im 
rats 


The failure of this method led to the use of a hypo 
tensive test in rats. Two fractions, V103 and V115, 
proved to have hypotensive properties. The V115 
fraction, because of its greater potency, was then 
extracted by a countercurrent distribution method 
us previously described. This procedure yielded 
three fractions which acted differently on the blood 
pressure of rats. Two fractions (tube 2 and the 
combined 6-11 tubes) produced hypotensive effects, 
one with a delaved onset of action, (the combined 
tubes 6-11) and the third (tube 4) produced a hyper 
tensive effect (Fig. 2 In attempting to duplicate 
these results two other countercurrent extractions 
were performed, but only the hypertensive fraction 
was obtained. By comparing the residue of the 
three countercurrent extractions to that of V115 
it was apparent that with each succeeding extraction 
less of the hypotensive principle was extracted 

Following this difficulty in producing a second 
series of active V115 fractions and because of the 
greater potency of the alcohol extract (V 108 Fig. 3 
it was subjected to further study with the following 
results 
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The V108 fraction of valerian was found to de 
press the general activity of unanesthetized mice 
and rats It depressed respiration as evidenced by 
the development of cyanosis in animals receiving 
large doses (3 Gm. /Kg.) of the drug An apparent 
sedative dose lies in a range from to 1.2 Gm./Kg 
as observed from the preliminary experiments on 
general activity This sedative dose range was 
further verified utilizing activity of muce At this 
dose, 600 mg./Kg., there was some evidence of a 
peripheral dilation and a moderate cyanosis as evi 
denced by the development of red color in the paws 
ind ears of rats and mice 


TIME IN HOURS 


Fig. hypotensive effect of tube*2 in 
a rat Tube 2 was obtained from the first counter 
current extraction of V115; dose, 30 mg.,Kg 


Fig. 2b.—The hypertensive effect of tube 4 in a 
rat Tube 4 was obtained from the third counter 
current extraction of V115; dose, 200 mg./Kg 


Fig. 3.—The hypotensive effect of the V105 
fraction of valerian in a rat; dose of VI083 500 
mg./Kg 
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The minimal dose was 


calculated to be 


lethal intraperitoneal 
about 3.0 Gm./Kg. At this dose 
the animals appeared to be in a state of complete 
paralysis since they were unable to right themselves 
when placed on their backs. It should 
mentioned that even though these animals could not 
right they did respond to external 
stimuli and did not appear to be asleep. Death in 
rats and mice ensued at a dose of 6 Gm./Kg. in 
about ten minutes with death sometimes being 
preceded by clonic-tonic convulsions 

The V103 extract produced hypotensive effects in 
rats, rabbits, cats, and dogs, but it was difficult to 
demonstrate a proportional dose-response relation- 
ship due to respiratory depression. 

In cats and dogs, V103 blocked the carotid sinus 
reflex in all experiments (Fig. 4). The drug had no 
blocking effect on epinephrine, and even appeared 
to potentiate its activity. Atropine, however, did 
block valerian’s hypotensive effects by 50° as was 
also pointed out by Blackie and Ritchie (11). In 
two experiments with rats, total vagotomy blocked 
the effects of valerian equal to the same degree 
produced by atropine. Valerian did not block the 
superior cervical ganglia as evidenced by the lack of 
an effect on the nictitating membrane preparation 
of the cat 
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Fig. 4.—The hypotensive effect of the V 103 fraction 


of valerian (84 mg./Kg.) in the dog with special 
reference to the carotid sinus reflex BCO = bilateral 
carotid occlusion 


It thus appears that the valerian root extract does 
not produce its hypotensive action by either gangli 
onic or sympathetic blockade. However, there is 
evidence that valerian possesses a parasympathetic 
action mediated through vagal stimulation which 
can explain part of its hypotensive activity. It can 
further be added that valerian extract pro 
duced hypotension only by partial parasympathetic 
action, its central nervous system depressant 
activity could add to the hypotension. Further 
evidence that valerian could produce its hypotensive 
effects through central nervous system depression 
was reported by Dukrey and Kohler (17). They 
showed that valerian still possessed sedative activity 
after decerebration, thus placing the site of central 
nervous system depression at some area lower than 
the cortex, possibly the medulla, which is also the 
site of the vasoconstrictor center. It is possible 
that this central effect could in part explain the 
effects on the carotid sinus reflex. 

Valerian (V103) also has the 
smooth muscle in very low 


since 


ability to relax 
concentrations 


(0.0071°;,), but as the dose is increased to 0.43°) a 
secondary excitant effect which can be blocked by 
atropine was observed. It is possible that this 
excitant effect is also related to the parasympathetic 
action referred to previously 

V103 is relatively nontoxic as evidenced by its 
failure to produce any significant change in the 
weight, blood, and urine of rats. There was some 
evidence that valerian produced some antidiuretic 
effects as shown by the decreased urinary excretion 
as compared with the per cent urinary excretion 
following the termination of the experiment. The 
high specific gravity of the urine during the testing 
period as compared to the control animals may also 
indicate an antidiuretic effect in rats 

The relatively high LDyo dose, in mice, 3.8 Gm 
Kg. (2.53-4.29) indicates V108 has a low toxicity. 


SUMMARY 


A study was made of certain pharmacological 
actions produced by extracts of Valeriana offi- 
cinalis L. An alcoholic extract, V103, and 
a fraction separated from it, V115, were found to 
potentiate the pentobarbital sleeping time in 
rats. Both also produced hypotensive effects in 
rats. The V115 
tensive activity. 

Three fractions which were extracted from V115 
through countercurrent extraction exhibited 
different effects on the blood pressure of rats. 
Two fractions exhibited hypotensive properties, 
and the third exhibited hypertensive properties. 

The alcoholic extract, V103, also produced 
hypotensive effects in rabbits, cats, and dogs. 
Its hypotensive effects appeared to be due to a 
combination of parasympathetic activity, carotid 
sinus blockade, and probably through central 
nervous system depression action. The latte: 
action was also implied by the work of Dukrey 
and Kohler (17). V103 was further shown to 
lack any effect on the autonomic ganglia and on 
sympathetic fiber activity. It produced a 
depression of the central nervous system without 
producing sleep and showed evidence of causing 
respiratory depression in higher dosage. 

The alcoholic extract relaxed smooth muscle in 
low concentrations, but at higher concentrations 
produced secondary excitant effects which can be 
blocked by atropine. Some antidiuretic effects 
were also observed. The LD dose (3.3 Gm./ 
Kg.) of the extract in rats was considered rather 
high, thus indicating a low order of toxicity 


roots. 


fraction showed greater hypo- 
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Biological Disposition of Apomorphine II 


Urinary Excretion and Organ Distribution of Apomorphine 


By P. N. KAULT, E. BROCHMANN-HANSSEN, and E. LEONG WAY 


A method for estimation of free and “bound” apomorphine in biologic media is 

described. Apomorphine, after parenteral administration to different animal 

species, is biotransformed and excreted in urine largely in its “bound” form. Studies 

on the organ-distribution of injected apomorphine in rats revealed a localization of 
“bound” apomorphine in the liver. 


the alkaloid by ultraviolet spectrophotometry or 


is well known in chemical 
but littl is known about its bv several color reactions 


literature 
fate in the animal body. Valenti (1), and later rhis paper describes the urinary excretion of 
detect apomorphine in rabbits, rats, and horses, and 


the tissue distribution of the drug in rats 


Eggleton and Hatcher y failed to 


apomorphine in the urine of dog and rabbit 


after its administration However, Veit (3), 
EXPERIMENTAL 


reported that apomorphine administered to 


monkeys and cats could be detected in the brain ; 2 : pa 
Estimation of Apomorphine.— The procedure of 


tissue within one to two hours , 
Kaul, ef al. (8), was modified for routine deter 
Bamford 1) conducted experiments with minations in biological materials, the major changes 
organic solvent volume and 


rabbits to show that no apomorphine appeared being reduction in 
Solvents 


adoption of single extraction techniques 
wer sured with fixed-volume stop-syringes 
injection, even when it was administered in large — ith fixed —_ P Bt 

For determination of free apomorphine, 10 ml 


in the stomach contents after subcutaneous 


doses. Various investigators (5-7) reported in f urine or tissue homogenate (1 Gm. diluted to 
glass-stoppered centrifuge tube 


n experiments in which saliva and urine 10 ml.) in a 50-ml 
solid sodium bicarbonate t« 


was neutralized with 
pH 7 + 0.5 and extracted with 27.5 ml. of ethyl 
for two minutes 4 25-ml. aliquot of the 


recto 
samples from horses were tested for the presence 


f apomorphine Che authors could not detect 
icetate 

14, 1960, from the University of Cali organic layer was removed after centrifugation and 

of Pharmacy, and Department of Pharma 
Medicine shaken for two minutes with 5.5 ml. of 0.05 N 
cation August 4, 1960 hydrochloric acid The mixture was centrifuged, 


sported by Grant in aid funds from the . 
Racing Board. The Racing Chemistry ind a 4-ml. aliquot of the acid layer was pipetted 
Research Fund of The National Association of State Racing = into another tube and analyzed by the method 
Commissioners, and the National lastitute {f Health. RG ‘ 
4 instead of 10 mi., 
The paper api - Jovenat » f isoamvl acetate being used for the final extraction 
may be regarded as 
An abstract « ersint i Since the alkaloid was found to be excreted in 
Western Divisi conjugated bound’) form, it was necessary 
t Present addres Department { Pharmac: 
vereity of Melbourne, Carlton N Victoria. Australi liberate apomorphine by hydrolysis prior t 


previously described 
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estimation The optimum conditions for the 
hydrolysis of ‘“‘bound"’ apomorphine were studied in 
samples of postadministration urine, the acid 
strength and the heating time at reflux temperature 
being varied successively. Optimum hydrolysis of 
“bound” apomorphine occurred when the samples 
were refluxed for twenty minutes with 4 N hydro- 
chloric acid (Fig. 1 Authentic apemorphine, on 
treatment under these conditions, showed a de 
composition of 10 + 2°, 
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Fig. 1.—-Effects of acid strength and time of refluxing 


on the hydrolysis of ‘‘bound’’ apomorphine. 


For determination of total apomorphine (free 
and “‘bound”), 5 ml. of the biologic fluid was 
refluxed with 4 ml. of 9 N hydrochleric acid for 
twenty minutes. After cooling, the solution was 
quantitatively transferred to a 50-ml. glass-stop- 
pered centrifuge tube Sodium bicarbonate was 
added to adjust the pH to 7 + 0.5, and the alkaloid 
was estimated as described for free apomorphine 
A concentration of 1 meg./ml. of apomorphine, 
when carried through this procedure, yielded an 
absorbance of 0.092 

Blanks for the determination of free apomorphine 
were found to be less than 0.005 absorbance units 
for urine and tissue homogenates. Blanks for 
total apomorphine analyses were less than 0.03 
units for tissue homogenates and less than 0.10 
for urine. A correction for urine blank was made by 
subtracting the value obtained on a sample of urine 
collected from the same anima! prior to apomorphine 
administration. Subsequent studies indicated that 
blanks can be substantially reduced by washing the 
acid hydrolysate of urine with two 5-ml. portions of 
ethyl acetate at pH 1 

Recoveries of added apomorphine were 80 + 
3°) for urine and in excess of 90°) for the homo- 
genates. The basis for low recoveries from urine 
has been discussed (8) 

Appraisal of the Method.—In addition to the 
specificity tests reported previously (8), the spec- 
ificity of the analytical method was also confirmed 
on the basis of the partition behavior of apomorphine 
recovered from biological material 

A sample of postadministration horse urine was 
hydrolyzed, neutralized to pH 7 + 0.5, and ex- 
tracted with ethyl acetate. Ten-milliliter aliquots 
of the ethyl acetate extract were shaken for one 
minute with 10-ml. portions of McIlvaine buffer 
solutions of pH 4, 5, and 6 and with 0.05 N hydro 
chloric acid. The same procedrre was repeated with 
preadministration horse urine to which authentic 
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apomorphine hydrochloride had been added. 
The estimation of apomorphine in the buffer and 
the acid extracts were made by the modified method 
described above. Amounts extracted by 0.05 N 
hydrochloric acid were taken as 100°). Table I 
shows that there is a close agreement between the 
percentages of apomorphine extracted by buffers of 
different pH values from the postadministration 
urine and from urine containing authentic apo- 
morphine. This indicates that the method estimates 
apomorphine with a high degree of specificity. 


TABLE I.—EXTRACTION AT DIFFERENT pH VALUES 

or AUTHENTIC APOMORPHINE AND OF APOMORPHINE 

RECOVERED FROM URINE AFTER ADMINISTRATION 
OF THE DruG 


Per Cent Extracted 


pH of Extracting Authentic Postadmin. 


Solution Apomorphine Apomorphine 
1.8(0.05 N HCl) 100.0 100.0 
4.0 Buffer 96.7 94.4 
5.0 Buffer 67.6 62.4 
6.0 Buffer 15.4 17.9 


Additional evidence that the substance liberated 
by acid hydrolysis is apomorphine was confirmed by 
various qualitative tests. The alkaloid liberated 
on hydrolysis, when isolated into 0.1 N hydro- 
chlorie acid, exhibited an ultraviolet absorption 
curve typical of apomorphine and gave the fol- 
lowing identity tests for apomorphine: (a) A portion 
of the acid solution produced a red color when 
treated with a few drops of concentrated nitric 
acid (9 (6) A pink color was produced when a 
mixture consisting of 5 ml. of the acid solution, 2 
drops of 0.01 M iodine, and 0.5 Gm. of sodium 
bicarbonate was shaken with 10 ml. of ether (10) 
(c) A portion of the acid solution turned green when 
heated with mercuric chloride at pH 6. An isoamy!] 
acetate extract of this green solution showed an 
absorption spectrum identical with that of authentic 
apomorphine subjected to the same treatment (8). 
(d) Another portion of the acid extract was evap- 
orated to dryness under reduced pressure, and the 
residue was dissolved in 0.5 ml. of ethanol. The 
solution was chromatographed on paper alongside 
authentic apomorphine hydrochloride, the solvent 
system used being butanol, acetic acid, and water 
(4:1:5 Both spots had the same Ry value and 
exhibited a similar bluish-green fluorescence under 
ultraviolet light 

Urinary Excretion of Free Apomorphine.— Rabbits 
and rats were given 10 mg./Kg. of apomorphine 
hydrochloride intraperitoneally Urine samples 
voided over twenty-four hours were collected over 
acid and analyzed for free apomorphine. No free 
drug was found in the urine of several rabbits, 
whereas two rats excreted, respectively, 3.8 and 
4.0% of the given dose as the free alkaloid. The 
pH of rabbit urine was 8 + 0.5 and that of rat 
urine 6 + 0.5. Since the pH of freshly voided 


rabbit urine is usually basic, and apomorphine 
is known to be unstable under alkaline conditions, 
a study of the effect of pH on the stability of 
apomorphine at body temperature was made 
Table II shows that the rate of decomposition of 
apomorphine increases rapidly with an increase of 
pH 
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pH of Recoveries at Various Time Intervals 
Ruffer Solin hr 
Melivaine 2 ‘ 6 
58 100.0 98.0 93.6 89.3 85.4 
7 0 100.0 92.6 77.7 67.8 54.2 
7 9 00.0 71.2 46.3 29.5 18.4 
Recoveries at zero time were taken to be 100°, and the 


recoveries at the other time intervals calculated on this basts 


Studies on the stability of apomorphine in urine 
vielded results consistent with the above findings 
When the alkaloid was incubated at 37 + 1” 
with normal rabbit urine of pH 7.6, the recovery was 
230°, after twelve hours Therefore, one might 
expect that any free apomorphine excreted in the 
urine would gradually decompose when exposed to 
the ilkaline condition im bladder This 
effect could be minimized by systemic acidification 
of urine Thus, | Gm. of ammonium chloride in 
100ml of water given to a rabbit through a stomach 
tube. reduced the pH of the urine from 7.6 to 5.4, 


ind incubation of apomorphine at 37° with this 
urine resulted in a recovery of 87°, after twelve 
When the excretion of apomorphine was 


tudied in two rabbits receiving ammonium ¢ hloride 
prior to the injection of apomory hine, about 3°, 
of the dose was recovered in the free form It 
should be noted that no free apomorphine was 
found in the urine of horses (Table III) and that 
horses generally excrete an alkaline urine 

Excretion of ‘‘Bound’’ Apomorphine. The 
rphine excreted im urine over a 


vmount of total aporme 


twenty-four hour period was determined for six 
rabbits and six rats receiving a 10 mg Kg. dose 
intraperitoneally The mean excretion of total 
ipomorphine in rabbits was f to be 49.9°, with 
i range of 43 to 57' in rats 46.2°) with a range 
from 40 to 55 Since rabbits do not excrete any 
free drug, the total apomorphine represents “bound” 
ipomorphine In the case of the rat, ibout 


f the total apomorphine excreted is in the form of 


bound apomorphine 

The excretion of apomorphine was also studied 
it selected time intervals in rabb rat, and horse 
Tw f thi latter spect were given 
ng f apomorphine subcutaneously and urine 
specimens were llected by catheterization 


lable II] shows t) at the rabbit excretes the major 


fraction of apomorphine in the bound form within 


twenty-four Hiowever, measur ible amounts 
ire still excreted for as long as seventy two hours 
Similar findings were noted in the rat In the horse, 
the recovery w le than in the rabbit and rat 
The dosage administered was also smaller, being 
less than 0.2 meg ‘Ke However, this dose was 


sufficient to produce pharmacologi effects lasting 


shout two heur Observation made on horse 
No 1 indicated that the animal was nervous, 
excitable, sweated profusely, and app ired to have 
sharpened reflexes Temperature increased from 
IT A? te 39.2°, pulse from 36 to 60, and respiration 
from @t Is Free apomorphine was not detect- 
ible in either of the tw horse hence, the total 

We are grateful to Mr ‘eorge Jacgard, Director of 
Dalare Associates. for making the pharmacolog observ atior 


a the horse and for furnishing us with the horse urin 
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ipomorphine represents essentially “bound’’ apo- 
morphine From 14 to 26°, of the dose was ac- 
counted for within six to eight hours, after which 
the levels of “‘bound’’ apomorphine became too low 
for detection 

Organ Distribution... Three Long Evans rats, 
weighing approximately 200 Gm., were used to 
study the distribution of apomorphine hydro 
chloride in various organs and tissues of the body 
An intravenous dose of 2 mg. of the drug was 
administered to each animal After fixed time 
intervals the organs were removed, homogenized 
in 1 N hydrochloric acid, and analyzed for free 
and “bound” apomorphine 

At none of the time intervals (fifteen, sixty, and 
eighty minutes) could free apomorphine be detec ted 
in anv of the organs and tissues analyzed (blood, 
liver, lungs, kidney, brain, and skeletal muscles), 
the concentration being less than 4 mcg./Gm. of 
tissue However, “bound” apomorphine was 
found in appreciable quantities in the liver but not 
in other organs. The concentration of “bound” 
apomorphine in the liver was highest | 43 meg. /Gm 
of tissue) at fifteen minutes after injection. At 
sixty minutes the level was 23 mcg./Gm. of the 
tissue, and by eighty minutes it had decreased to 11 
meg. /Gm At the latter time interval about one 
fourth of the injected dose was found as “bound” 
apomorphine in the gastrointestinal tract 


DISCUSSION 


The present studies indicate that no free apo 
morphine is excreted in the urine of rabbits and 
horses. The pH of rabbit urine was usually 8 + 
0.5. However, when systemic acidosis was induced 
by the oral administration of ammonium chloride 
and the pH of urine was reduced to 6 + 0.6, about 
3°) of the dose of apomorphine was excreted in the 
unchanged form. It appears, therefore, that the 
excretion of a smali percentage of the free drug de 
pends on the pH of urine This may be due to 
stabilization of the excreted free apomorphine by 
acid pH. Moreover, such a pH would also favor 
ionization of the alkaloid. This would promote its 
excretion in the urine, presumably by decreasing 
tubular reabsorption of the drug. The increased 
excretion of some organic bases as a result of 
acidification of urine is well known (11, 12, 18 
Supporting this view was the finding that rats 
with urine of pH 6 + 0.5, excreted about 4% of the 
given dose as free apomorphine 

Authentic apomorphine, on treatment under the 
conditions used for hydrolysis of the “bound” 
material, showed a decomposition of 10 + 2° 
This means that the true values of the “bound” 
apomorphine are actually higher than those reported 
in this paper, because some decomposition of 
the liberated apomorphine must have occurred 
during the hydrolysis 

Veit (3) reported that he found about 30° of 
the dose in the brain of monkeys seventy minutes 
ifter administration of apomorphine However, 
the present studies on organ distribution in rats 
indicated only insignificant levels (less than 4 
meg./Gm. or less than 0.2% of the drug in the 
brain at fifteen and sixty minutes after intravenous 
injection It appears unlikely that such a dis 
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TABLE III 
Dose 


mg./Kg 
10 mg./Kg. 


Species 


Rabbit 


at No. 1 10 mg./Kg. 


at No. 2 10 mg./Kg. 


Horse No. 1 
410 Kg. gelding 


75 mg. total 


Horse No. 2 
390 Kg. mare 


75 mg. total 


crepancy can be explained in terms of differences in 
animal species. 

The possibility that some of the “bound” apo- 
morphine is excreted through the bile into the 
gastrointestinal tract is suggested by the fact 
that appreciable amounts of “bound” alkaloid were 
found in the liver and gut after parenteral ad- 
ministration of apomorphine torats. Since “‘bound” 
apomorphine is finally excreted in urine, any amount 
transported via the bile would have to be reabsorbed 
in the gut and then eliminated via the kidney 
This would explain the prolonged urinary excretion 
of “bound” apomorphine observed in rabbits 


SUMMARY 


Apomorphine, after injection into animals, is 
excreted in the urine largely as ‘“‘bound” alkaloid 
which, on hydrolysis, vields the free compound 
Excretion of a small percentage of unchanged 


drug appears to be dependent on the pH of the 


urine. Normal rabbits and horses excrete little 
or no free apomorphine, whereas rats excrete 


about 4° of the dose in the free form 


Time of 
Collection, hr 


URINARY EXCRETION OF APOMORPHINE IN THE RABBIT, RAT, AND HORSE 


Total “; 
Accounted For 


Excreted 
Bound 
51.2 
9.0 
2.9 


Oe 


ow 


13 


Organ-distribution studies of apomorphine 
after intravenous injection into rats showed no 
detectable levels of the alkaloid in the central 
nervous system, but a high concentration of the 
“bound” alkaloid in the liver 
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Biological Disposition of Apomorphine III 


Kinetics of Metabolism of Apomorphine and 
Role of the Liver in Its Biotransformation 


By P N. KAULT, E. BROCHMANN-HANSSEN, and E. LEONG WAY 


Studies on the rate of metabolism of apomorphine in intact mice revealed that the 
disappearance of injected drug and the appearance of “bound” apomorphine follow 


first-order kinetics, with the rate constants 8.15 * 10 
Liver perfusion data and experiments on partially hepatec- 


min. ', respectively. 


min. and 6.07 * 10 


tomized rats indicate that this organ is the main site of the metabolism of 
apomorphine. 


Pp" VIOUS PAPERS in this series have described 

a method for quantitative determination of 
and subsequent application of 
tate 


apomorphine (1 


this method in studying the and organ 


injected apomorphine (2 In 
kinetics of 
biotransformation of the 


distribution of 
this paper, the metabolism and the 
role of liver in the 


drug are described 


EXPERIMENTAL 


rhe rate of metabolism 
Apo 


was injected 


Kinetics of Metabolism. 
of apomorphine was studied in intact mice 
5O mg./Kg., 
Webster strain 

killed none of 
five animals in preliminary trials, whereas 60 mg 
killed 4/4 mice The drug 
containing 2 mg./ml 


hydrochloride, 
Albino mice 


morphine 
into the tail vein of 

weighing 20 + 4 Gm This dose 
Kg. and higher dose 
Was given in isotonic saline 
At fixed time intervals, a mouse 
in a Waring Blendor, 1 N 
used to make | v dilution of the mouse Ten 


nilliliter and five 


was homogenized 
hydrochloric acid being 
low 
milliliter aliquots of the homog 
enate were assayed for free and total apomorphine, 


respectively, by the method described previously 


For blank untreated mice 
carried through the procedure The blank 
ind total alkaloid were less than 
pectively The recoveries of the 


value everal wert 
ibsorb 
nee values for free 
and OOF. re 
mogenates were within the 
Table I shows the 


found as free and 


drug added to mo h 
£10", 
per cent clewse 
“bound omorphine at different 


experimental errot f 
injected 
time intervals 
the clisa irance of the 


virtually paralleled by the 


As is evident im Fig. 1, 
ippearance ol 

When the 
Straight line is 


imyected rphine 1 


bound” apomorphine 


data are plotted on a semilogarithmi 


scale obtained for at least a ten 
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studies 


this 
ippears to follow 


minute interval Over period the 


(Fig 
disappearance of apomorphine 


first-order kinetics with a f,» of eight and one-half 
constant, k, equal to 8.15 & 
twenty and forty 


probably, to a 


minutes and a rate 
10>? min rhe 
do not fall on the line due, 


points at 
minutes 
lag period 
tributed drug 
metabolism 

\ theoretical first-order plot for the appearance 
of the “bound obtained by 
the relationship 


required for mobilization of the dis 


from tissue depots to the site of 


apomorphine may be 


formed at time 
it zero time, b 


B is the amount of “bound” 


is the 


where 
t, A 

is the 
appearance ot pom wphine Lb ind f is the total trac 

material formed at infinite time, 
rable I 


Figure 3 shows that the experimental values for 
I 


amount of apomorphine 


first-order rate constant for the overall dis 
tion of “bound 
which in this case is eighty minutes 
he appearance of ‘bound’ apomorphine approach 
the theoretical plot, indicating that the ippearance 
of “bound” alkaloid also follows first-order kinetics 
From the data in Table I it ippears that there isa 
loss of about 20°, of total apomorphine after eighty 
minutes This suggests that there is another minor 
pathway through which apomorphine disappears in 
the body The 
be represented bv art 


metabolism of apomorphine may, 


therefore, iodel shown below 


ky 
apomorphine (A})————>" bound” (B) 
major 
ky 
"unknown 
minor 


— excreted 
in urine 


The overall disappearance rate constant & ts the sum 
of ky and b From this relationship and the equa 
tion, f=, /k, the values for & and & 
culated as follows 


may be cal 


The total fraction, f, of “bound"’ apomorphine 
formed is 0.745 (Table I 
f=k 

x 0.745 =8 0.745 min 


10>? min 


4 T 
B = A®-f(l — 
> 
> 
| 
Since, k = + bs, 
ke = k — k, = 8.15 X — 6.07 X 107? 
= 2 08 <X 107? min 
248 
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TABLE | 
Time Mice 
min Studied T) Total 
0 2 100.0(99. 5-100. 5) 
1 2 100. 5(95-106) 
5 4 99. 9(94-105) 
10 3 92. 6(88-—100) 
20 91.3(87-98) 
5 80. 4(70-91 
SU) 5 79.7(76-84) 


* The negative average value was taken as zero 


100 
90 DISAPPEARANCE OF APOMORPHINE 
APPEARANCE OF “BOUND” 
APOMOROHINE 


% OF INITIAL AMOUNT 


0510 20 30 40 SO 60 70 80 
TIME IN MINUTES 


Fig. 1.— Disappearance of injected apomorphine and 


appearance of “‘bound"’ apomorphine 


Liver Perfusion..-The liver of a rat was can 
nulated and removed under anesthesia The 
cannulated organ was placed in the glass circulation 
apparatus described by Brauer, ef al. (3), and 
modified by Plaa (4 The perfusate entered the 
liver through the portal vein cannula and passed 
through the two hepatic veins into the thoracic 
vena cava. The perfusion fluid consisted of Ringer- 
Locke solution buffered to pH 7.5. The perfusate 
was not oxygenated, since preliminary experiments 
indicated that this treatment enhanced the de 
composition of apomorphine. Bile was collected 
through polyethylene tubing inserted into the bile 
duct 

\fter ensuring the normal perfusion efficiency 
and the bile production of the liver, 1 mg. of apomor- 
phine hydrochloride in 0.5 ml. of water was intro 
duced into the perfusion circuit. Samples of the 
perfusate were removed at different time intervals 
and analyzed for free and “bound’’ apomorphine 
At the end of forty minutes the liver was removed, 
homogenized, and assayed for the alkaloid. Under 
these conditions some decomposition of apomorphine 
occurs spontaneously; the recovery of apomorphine 
added in the same amount to Ringer-Locke solution 
was found to be only 80°) at forty minutes. Con 
sequently, a correction for the apomorphine per- 
fusate value at each time interval was applied based 
on the apomorphine recovery from Ringer-Locke 
solution at the same interval 


Per Cent of Initial Dose Found 


RATE OF METABOLISM OF APOMORPHINE IN INTACT MICE 


(T-F) “Bound” 


(FP) Free 
100.0(99.. 5-100. 5) 
93 .6(92-95) 
65.1(53-71) 
45.8(37-52) 


0.0(—2.6to2)¢ 
6.9(3-10) 
34.8(28-41) 
46.8(41-—52) 

29. 1(24—-36) 62.2(61-4) 
10. 2(4-20 70, 2(60-85) 
5. 2(3-7) 74. 5(68-79) 


100 
90 
q SO} 
40+ 
~ 
~ 20+ 
1 i i j 
5 10 20 30) «640 50 
TIME IN MINUTES 
Fig. 2.--First-order plot for the disappearance of 


the injected apomorphine. 


100- 


—— THEORET/C AL 
. EXPERIMENTAL 


PERCENT “BOUND” 


10 20. 30. 
TIME IN MINUTES 


Fig. 3.- Theoretical and experimental cumulative 
first-order plot for the appearance of ‘“‘bound’’ 
apomorphine 


TasLe II.—FatTe OF APOMORPHINE IN ISOLATED 
PerRFusep Rat Liver 
Per Cent of the Injected Dose 
Sample Free “Bound” 
2 min. Perfusate 10.0 0.0 
10 min. Perfusate 2.0 20.7 
40 min. Perfusate 5.3 26.7 
40 min. Liver 13.4 40.0 
Total accounted for 

after 40 min. 18.7 66.7 


From the data in Table II it appears that apomor- 
phine is very rapidly taken up by the liver as evi- 
denced by its rapid disappearance from the per- 
fusion fluid. It is then transformed into a “‘bound’* 
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ill OF PARTIAI 


HEPATECTOMY IN THE 


Journal of Pharmaceutical Sciences 


Twenty-rour-Hour EXCRETION OF APOMORPHINE 


IN URINE OF RATS 


Normal rats 
Free apomorphine 
Bound apomorphine 
lotal apomorphine 

Hepatectomized rats 
Free apomorphine 
Bound apomorphine 
Potal apomorphine 


slowly released back into the perfusing 
both free and 


form which ts 
fluid but 
“bound 
liver 
Hepatectomy. 
establish im vive evidence that the liver ts important 
for metabolizing Subtotal hep 
itectomy was performed on Long Evans rats (240 + 
removing the 


appreciable quantities of 


apomorphine remain sequestered in the 
Experiments were performed to 


ipomorphine 


inesthesia by 
or the left lateral lobe in the 


4) Gm.) under ether 
median lobe ind 


described by 


large 


manner Anderson (5 


Higgins and 
to sixteen hours to 
Within this 
to the 
original weight of the 
intra 


The animals were allowed twelve 


recover from the surgical procedure 


of the liver occurs only 


2°, of the 


period regeneration 
extent of about S 4 
period, a 2-mg 


hydrochloride 


organ After the recovery 


peritoneal dose of apom wphine was 
samples were 
bound 
collected 


ts receiving the same 2-mg 


twenty-four-hour urine 


inalyzed for the free and 


injected, and 
collected and 
samples were also 


Similar 


froma group ol normattr 
the drug and analyzed in the same manner 
Table II] shows that subtotal hepatectomy re 
ipomorphine excreted in the twenty 


dose of 


duced the total 
four-hour urine Jormal animals excreted on the 
« dose 
| i! 

application of the ¢ 1 bn 
this disparity ! 1 wo groups is un- 
likely tor be au in The 
decrease im secreted pri- 


since 


four hours while 
only 20°; By 
concluded that 


uverage in twent, 


the operate excreted 


was 
marily the nyugation 


only bound retion decreased 


Since the fre rphiur ct not in 
creased, the neing ugg th some pathway 


other than « ived in the 


metabolism this route 
not as dependen int i the liver The 
fact, inimals exhibited 
much more pronounced pharn logic effects to 


liver 


however 


ipomorphine than nor Is, ined that the 
is important for the detoxification of the apomor 


sdditiona performed on 


phine In 


younger rats weighing 120 + - n., removal of 


about 70 of the 
ipomorphine 
hey 


liver enhanced 
response to 
imals died within om 
the drug, whereas when 
to five of the same weg 
occurred 
Effect 
establish 
of the liver in the 
effects of this wel]-known hepat 


normal 


of Carbon Tetrachloride 


vdditional in vt 


metabolism 


Dose Excreted 


16.3 42.2 


on the rate of formation of “bound” apomorphine 
in mice. To produce liver damage, the carbon 
tetrachloride was administered at dosages several 
times the ED dose reported by Plaa (4). Carbon 
tetrachloride was diluted in peanut oil (0.18 ml. in 
1 ml. oil) and injected subcutaneously. After 
twenty-four hours, the mice were given a 50 mg 
Kg. dose of apomorphine hydrochloride intraven- 
ously. The animals were homogenized after twenty 
minutes, and aliquots of the homogenate samples 
for free and “‘bound’’ apomorphine 
Table IV show that carbon tetra 


assayed 
results in 


were 
The 


T®TRACHLORIDE 
IN MICE 


CARBON 
APOMORPHINE 


TaBLe I\ EFFECT OF 
ON THE METABOLISM OF 


Per Cent of Injected Dose 
Free Bound 
1(24-36) 62.2(61-64) 
1,000 3005 62.6 
3,000 24.3 62.8 
1,000 29.8 51.3 


5,320 20.0 59.1 


Dose of © 
Given, me Keg 
None (Normals) 29 


or no effect on the formation of 
amounts of free 


chloride had little 
apomorphine, 
apomorphine found in treated mice 
found in normal 


bound” since the 
and “bound” 
were within the range of those 
animals 

The effect of carbon tetrachloride on the metab 
olism of apomorphine was also studied in rats by 
comparing the urinary excretion of the free and the 
alkaloid in the normal and the treated 
it Various time Intraperitoneal 
doses (1,440 mg./Kg.) of carbon tetrachloride in 
peanut oil were given daily for three days during 


excretion of apomorphine was 


bound 


animals intervals 


which the urimary 
studied Table \ 
alkaloid excreted by normal 
readily that 

upomorphine excreted by the two normal 
it all time intervals 
were quite similar, indicating that 
ipomorphine was not materially affected by treat 


percentages of the 
treated rats It 
of free and 


gives the 
and 
can be seen amounts 
“bound 
animals 


and the two treated 


conjugation of 


ment with carbon tetrachloride 


DISCUSSION 


kinetic data of mice experiments, it ap 
apomorphine is 
However, a 


the 
pears that formation of “bound 
the major pathway of metabolism 
gradual decrease of the total recoverable apomor- 
with time suggests the 


pathway(s) through 


“bound 
minor 


free and 
existence of 


phine 
ssible 


| 
Rat No. | Mean + 8. E 
400 51.7 
2.2 1.6 2.2 
31.1 35.1 
14.0 20.0 33.0 33.3 32.7 37.2 28.5 + 3.6 
No 
of 
Mice 
4 
l 
‘hl 
or 


4 
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TABLE V.—-Errect OF CARBON TETRACHLORIDE ON THE METABOLISM OF APOMORPHINE IN RATS 


Per Cent Apomorphine Found in Urine Collected - 


0-24 hr 
Animals Free Bound Free 
Normal ; 4.0 44.0 None 
Normal 3.8 51.5 None 
Treated 5.2 57.0 None 
Treated None 


24-46 hr 46-54 br 
Bound Free Bound Total 
9.5 None 3.2 60.7 
8.8 None 4.0 
6.5 None 3.1 71.8 
8.0 None 3.8 63.4 


which about 20; of the drug is metabolized. There 
are several theoretical possibilities for this minor 
pathway From the im vitro evidence that apomor- 
phine oxidizes spontaneously at body pH in the 
presence of air, it would seem that the compound 
might, to some degree, be auto-oxidized in the 
body as well. No attempts were, however, made 
in this investigation to isolate such oxidation prod- 
duct(s) 

Conjugation of apomorphine also appears to be a 
primary route for the detoxification of apomorphine 
in the rat, and the liver plays an important role in 
this regard. This is indicated by the facts that (a) 
the compound is rapidly taken up and bound by the 
perfused rat liver, (+) excretion of ‘‘bound’’ apomor- 
phine in twenty-four-hour urine of the rat is con- 
siderably reduced after subtotal hepatectomy, (c) the 
surgical procedure also enhanced the sensitivity of 
the animals to apomorphine 

It is of interest that carbon tetrachloride did not 
appear to affect the conjugation of the alkaloid to 
any appreciable degree in the rat or the mouse 
It has long been known that carbon tetrachloride 
causes damage of the liver. Plaa, et al. (4), have 
shown that the ED dose of carbon tetrachloride 
for producing prolongation of barbiturate sleeping 
time in mice is 154 mg./Kg. and that 480 mg./Kg 
will invariably impair the bile production and the 
bromsulphalein extraction by the rat liver. These 
doses generally produce gross as well as microscopic 
liver damage. The dose of carbon tetrachloride 
used in our mice experiments was six to thirty-five 
times that used by Plaa to prolong pentobarbital 
sleeping time. It is quite possible that, even though 
many of the functional systems of the liver were de- 
ranged by the massive doses of carbon tetrachloride 
used, this treatment would not necessarily impair 
the ability of the organ to convert apomorphine into 
the ‘“‘bound"’ form. That certain enzyme systems 
might show some resistance to carbon tetrachloride 
is supported by the findings of Christie and Judah 
6) who reported that the oxidation of pyruvate, 
citrate, hydroxybutyrate, and malate was markedly 
reduced after intragastric administration of 4 Gm 
Kg. of carbon tetrachloride to rats, whereas the 
oxidation by the liver of glutamate, ketoglutarate, 
choline, and succinate was normal 

It is of importance to consider the effects of car 
bon tetrachloride on conjugation mechanism since 
our preliminary evidence suggests that conjugation 
with glucuronic acid is involved in the formation 
of “bound” apomorphine. It is well-established 
that glucuronide conjugation occurs primarily in 
the liver and is a detoxification mechanism for 
phenolic compounds. The process involves an 
enzyme (glucuronyl transferase) in the micro- 


somes which transfers glucuronic acid from uridine 
diphosphate glucuronic acid (UDPGA) to the 
phenolic acceptor (7). It has been recently reported 
that intraperitoneal injection of carbon tetrachloride 
reduces the hepatic glucuronide conjugating capac- 
ity of the guinea pig as measured by p-nitrophenol 
glucuronide formation in ritro(8). These results are 
difficult to reconcile with our findings im vivo that 
“bound"’ apomorphine in the mouse and the rat 
was not materially altered by treatment with carbon 
tetrachloride. It is possible that p-nitrophenol and 
apomorphine do not act as acceptors for a common 
microsomal enzyme, but to date no conclusive evi- 
dence for more than one glucurony! transferase has 
been obtained. While considerations of species 
difference cannot be ignored, a more plausible answer 
may be that carbon tetrachloride may affect 
glucuronide conjugation mechanism to the extent 
that the effects can be detected in vitro but the dam- 
age is not of the magnitude which can be easily 
demonstrated in vivo, particularly since other organs 
such as the kidney and gastrointestinal tract are also 
known to contain glucuronyl transferase (9). In 
support of such an argument, it was reported (8) 
that although acute liver damage by carbon tetra 
chloride produced a significant reduction in the 
total hepatic glucuronide as measured in vitro, the 
glucuronyl transferase activity in the micro- 
somes isolated from damaged liver tissue was not 
diminished. The authors suggested that the dam- 
age produced by carbon tetrachloride does not in- 
volve the microsomes of all liver cells and cited the 
studies of Myron (10) who also observed that liver 
damage produced by carbon tetrachloride was not 
uniform but that midzonal cells were more vulner- 
able than centrilobular cells. Further, it was noted 
in the same study that the activity of succinic de- 
hydrogenase, another particulate enzyme, was not 
diminished in cells peripheral to midzonal area of the 
liver lobule A more definitive explanation can be 
obtained only by further studies. 
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Evaluation of Certain 


Psychopharmacological Compounds 


By ANGELO R. FURGIUELE!, WILLIAM J. KINNARD, and JOSEPH P. BUCKLEY 


The effects of chlorpromazine, pentobarbital, 5-(o0-methoxyphenoxymethy])-2- 
oxazolidone (OM-518), and 5-(o-methylphenoxymethy]!)-2-oxazolidone (OM-520) 
on spontaneous and forced motor activity were investigated in male, albino, Swiss 
mice. Chlorpromazine produced approximately the same degree of depression of 
spontaneous activity and forced motor activity. Pentobarbital was mainly effective 
in depressing fore ed motor activity, that is. doses that produced minimal effects on 
spontaneous activiry were highly effective in depressing forced motor activity. The 
two oxazolidone compounds produced marked depression of spontaneous activity 
in doses which did not alter forced motor activity. 


AND CARR (I) have described a QM-518 

method of differentiating between types of 

depressants utilizing photocell activity cages and o- -CH,- 
the Rotarod (2 rhis method appeared to be 

especially useful in identifying compounds which Ocn 


produced depression of spontaneous activity of 
mice in doses which produced little or no effect 
on forced or coordinated motor activity Several 


papers have recently been published or presented 


on the ataractic properties of oxazolidone com 


pounds (3, 4 The purpose of this present study 


was to compare the effects of two new oxazolidone rr" t 


compounds }-(o-methoxyphenoxymethyl)-2 
oxazolidone (OM-51S8) and 5-(o-methylphenox, H, 


methyl)-2-oxazolidone (OM-520), (Fig. 1), witha 


lepressant (pentobarbital sodium) and a 


cerebral 
potent pen thiazin ataract« agent chlor 


promazine Fig Chemical structure of OM-518 and OM-52t 


EXPERIMENTAL period rhe concentrations of the solutions were 

idjusted so that the total volume administered was 

Effects on Spontaneous Motor Activity. Tl ipproximately 0.1 ml. An interval of two to three 

et f OM-518, OM-5S20, chlorpromazine, and days was permitted between trials, and control 

) t n Sy us motor activity tests utilizing normal saline solution or 30° pro 

were studied = pylene glycol solution were conducted periodically 

using h cel i The cage were prior to initiating the drug studies and two to three 

fie d by Kinnard and Carr days after the mice received the even-numbered 

vere increased = dose of a compound. OM-518 and OM-520 (dis 

ipart Phe solved in 30°, propylene glycol) were administered 

mperature © ‘ ge roan maintained at in doses varying between 10 and 100 mg./Kg., 

244 ind the room was ilumin talltimes. ¢hlorpromazine was administered in doses between 

Recording instruments were placed in another room 125 and 10.0 mg./Kg., and sodium pentobarbital in 
to prevent the equipment noises from influencing the doses varving from 5 to 30 mg./Kg 

Imuice Fresh solution the compounds or normal Effects on Forced Motor Activity.—The effects of 

aline were ad n ed intrap neally to groups the compounds on forced motor activity of male, 

of five mice ch group v diately placed ibino Swiss-Webster mice were studied using the 

in the cag n-minute adjustment period Retarod described by Dunham and Miya (2) and 

which was foll counting Kinnard and Carr (1 The apparatus consisted 

Received Augu from the srtment of of a wooden rod, 1'/, inches in diameter and 36 

Pharmacol t rsit itt rah. S f Pharmacy inches long attached to a Gorrell and Gorrell electric 

kyvmograph (type S monodrum) placed horizontally 

The entire unit was set on a suitable support and 

divided into six compartments utilizing cardboard 

disks, 7 inches in diameter The mice were placed 

m the revolving rod (29r. p. m_) in groups of six and 

the time that each animal remained on the rod 

recorded, with the maximum time set at one hundred 
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TABLE | 


Tue Errect or Certain CENTRAL Nervous System Depressants Upon Moror 
or Mice AS MEASURED BY THE PHOTOCELI 


Photocell Activity Cage 


253 


ACTIVITY 
Activity CAGE AND RoTAROD METHODS 


Mean Activity Rotarod 
Count /15 Group Performance Time PN Value 
Dose min. Period PN* sec. + S.E for Trial 

Compound mg/Kg n® S. E Value ne Trial 10¢ Trial 20¢ 204 
Control S4 277 +12 100 48 106+ 6 129+ 6 100 
OM-5I18 10 12 328 + 13 118 6 138 + 10 154 + 10 119 
20 2 315 + 24 113 6 128+ 3 141 + 11 109 
30 12 152 + 10 54 6 154 + 10 166 + 11 128 
1) 12 174 + 38 62 6 622+ 8 106 + 18 R2 
yw 12 162 + 22 58 6 75 + 18 106 + 13 2 
6 10+ 13 70 +13 
75 12 80 + 26 9 6 52 + 12 72 +12 55 
ow 6 42+ 10 63+ 8 48 
10) 6 0 0 6 21+ 10 22 + 10 17 
Control S4 282 + 10 100 is 1262 4 1233+ 8 100 
OM-520 Lo 2 238 + 19 s4 6 106 + 10 131 +10 106 
20 2 194+ 6 68 6 132 + 11 132 + 11 105 
x0 2 143 + 22 a) 10 1isS+ 6 128+ 6 104 
40 2 92 + 20 32 6 55 + 11 102 + 7 82 
50 2 150 + 29 53 6 66+ 9 88+ 7 75 
60 12 6 5l+1 66 + 16 54 
75 12 17 3 6 6 59 + 1 61+13 4g 
oO 6 53 +17 62 +19 5O 
100 6 0 0 6 0 0 0 
Control 60 240 + 11 100 i4 89+ 5 119+ § 100 
Pentobarbital 5 12 255 + 27 106 6 23 + 13 148 + 16 124 
sodium 10 12 249 + 28 103 12 122 + 14 140 + 12 117 
15 12 248 + 33 103 6 88+ 7 137 + 12 115 
20 12 233 + 38 97 6 8+ 4 56 + 13 47 
30 Ss 42+ 18 17 6 Us VU 0 0 
Control 60 237 + 10 100 54 77+ 6 107 + 6 100 
Chlorpromazine 1.25 12 219 + 10 92 6 68+ 9 108 + 100 
2.50 12 139 + 17 58 12 58 + 10 59 + 10 55 
5.00 12 87 + 12 36 6 27x 5 342 9 31 
7.50 12 36 = § 14 6 142 2 iv 3 15 
10.00 12 24+ 8 10 6 10+ 3 19+ 2 17 

@ » denotes the number of groups (five mice per group) tested. 6 PN per cent normal n denotes the number of groups 

(six mice per group) tested ? Number indicates minutes after injection 


and eighty seconds. It took approximately five 
days to train the mice to walk the rotating rod 
Solutions of the compounds, normal saline, or 30°, 
propylene glycol were then administered intraperi 
toneally in a volume of approximately 0.1 ml. Per 
formance trials were conducted ten and twenty 
minutes following injection and an interval of two to 
three days was permitted between trials. The dos 
age range of the compounds were identical to that 
used in the photocell activity cage studies 


RESULTS 


Effects on Spontaneous Motor Activity.—The 
effects of the compounds on spontaneous motor 
activity in mice are summarized in Table I. OM 
518 and OM-520 elicited a gradual decline in activity 
in doses over 20 mg./Kg. Although 100 mg./Kg 
produced complete arrest of spontaneous activity, 
no loss of righting reflex was observed. Chlor 
promazine also elicited a gradual decline in spon 
taneous activity in the dosage range studied. No 
stimulation or ataxia was noted and the mice did 
respond to external stimuli at doses which prac 
tically abolished spontaneous activity. Low doses 
of sodium pentobarbital (5-15 mg./Kg.) produced 
responses slightly above control values, however the 
differences between the mean responses were not 
significant at the 0.05 level. Higher doses produced 
decreases in activity and the mice receiving 30 mg 


Kg. of sodium pentobarbital did not respond to 
external stimuli 

Effects on Forced Motor Activity. The effects of 
the compounds on Rotarod performance time are 
summarized in Table I. OM-518 and OM-520 did 
not markedly alter forced motor activity in doses 
under 30 mg./Kg. The administration of doses 
over 30 mg./Kg. produced a gradual decline in the 
ability of the animals to walk the revolving rod 
Chlorpromazine produced a gradual decline in per- 
formance time as the dosage was increased. Five 
and 10 mg./Kg. of sodium pentobarbital produced 
an apparent increase in forced motor activity, how- 
ever doses over 20 mg./Kg. markedly depressed the 
ability of the mice to perform in a coordinated 
manner and 30 mg./Kg. abolished all activity 


DISCUSSION 


When the dose-response effects of the compounds 
on spontaneous and forced motor activity were 
plotted there was a marked difference in the pattern 
of the responses of pentobarbital, chlorpromazine, 
and the oxazolidone compounds. OM-518 (Fig. 2) 
and OM-520 (Fig. 3) produced marked depression of 
spontaneous activity in doses which did not alter 
forced motor activity Doses of 30 mg./Kg. of 
OM.-518 and OM-520 depressed spontaneous motor 
activity approximately 50°) whereas this dosage of 
either compound did not depress forced motor 
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Fig. 2.--Effects of OM-518 on motor activity of 
ilbino mice Activity cage, @ @ rota 
rod. PN = per cent normal 


1 20 30 40 50 
MG./ KG. 


Effects of OM-520 on motor activity of 


\ctivity cage, @ @ rots 
per cent normal 


Fig. 3 
albino mice 
rod PN = 


activity 
the same 


Chlorpromazine produced approximately 
degree of depression of spontaneous ac- 
and forced motor activity (Fig. 4 

mg./Kg. dose of chlorpromazine produced a reduc 
tion in spontaneous and forced motor activity of 
slightly less than 50°%. Sodium pentobarbital was 
mainly effective in depressing forced motor activity 
in that 20 mg/Kg. produced minimal effects on 
spontaneous activity markedly depressing 
forced motor activity (Fig. 5 Although the two 
methods utilized in comparing these compounds are 


tivity 


while 


quite simple, it is very possible that these techniques 
can be utilized to differentiate sites of action. It 
would appear that those compounds acting mainly 
on the cerebral cortex would inhibit motor activity 
and coordination to a greater degree than spontane 

ous activity compounds which 
induce an apparent depression of spontaneous 
activity through sites other than the cortex would 
Carroll, 
3,5-dimethylphen 
oxymethy!)-2-oxazolidinone was a fairly potent 
muscle relaxant. Our experiments with the muscle 
relaxant a-isopropylbenzyl carbamate have shown 
that the compound produced marked depression of 
Rotarod performance. Kinnard and Carr (1) have 
reported that meprobamate markedly de 


whereas those 


produce minimal effects on motor activity 


et al. (4), have reported that 5 


also 


activity of albino mice 6 
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of Chlorpromazine on motor 
Activity cage, 
PN = per cent normal 


Fig. 4 Effects 


* @ rotarod 


MG/KG. 


Effects of pentobarbital sodium on 


Fig. 5 
motor activity of albino mice ») O Activity 
cage, @ @ rotarod. PN = per cent normal. 


creased the ability of mice to perform in a coordi- 
nated manner. From the data obtained in this 
study it does appear that the two oxazolidone com- 
pounds produce a sedative type action with no 
visible relaxation of skeletal muscle, with the strong 
possibility that the site of action is subcortical 


SUMMARY 


1. OM-518 and OM-520 produced marked 
depression of spontaneous activity in doses which 
did not alter Rotarod activity 

2. Chlorpromazine produced approximately 
the same degree of depression of spontaneous and 
forced motor activity 


3. Pentobarbital was more effective in de- 


pressing Rotarod activity than spontaneous 


activity 
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Hypertensive Properties of 
4-Methyl-2-amino-pyridine 


By JOSEPH P. BUCKLEY, WILLIAM J. KINNARD, MARIO D. G. ACETO, 
and ROBERT K. BICKERTON?t 


The cardiovascular effects of 4-methyl-2-amino-pyridine (RA-1226) were investi- 
gated in 18 anesthetized dogs. The mean rise in blood pressure produced by 1.0 
mg./Kg. was 120 per cent and the blood pressure persisted at hypertensive levels 


for approximately one hour. 


Administration of 5 mg./Kg. of RA-1226, i. v., to 


spinal dogs produced a mean increase in blood pressure of 203 per cent and the 


pressures remained elevated for approximately one hour. 


Data obtained from dog 


cross-circulation experiments indicated that RA-1226 is a potent peripheral pressor 
agent possessing a fairly long duration of action and apparently void of central 
pressor activity. 


\ Jon HaxtHausen (1) has reported that 4-meth- 
(RA-1226) produced 
a marked rise in the mean arterial blood pressure 


yl-2-amino-pyridine 


of cats and dogs and suggested that this action 
was due to peripheral vascular constriction. He 
also reported that the compound produced cen- 
tral analeptic effects, antispasmodic effects on 
isolated intestinal strips, and a contraction of 
the nictitating membrane of the cat 
et al 


Gottstein, 
some detail the cardi- 
ovascular effects of RA-1226 in anesthetized dogs 


2), described in 


They concluded that the compound produced a 
prolonged pressor effect due to peripheral vaso 
constriction and possibly increased cardiac output. 
The compound also produced a concomitant de 
crease in cardiac rate. Since it was apparent 
that this compound is potentially useful in the 
treatment of 
were especially interested in investigating the 
pressor activity of RA-1226 in anesthetized dogs 
having This 
present report deals principally with the hyper- 
tensive activity of 4-methyl-2-amino-pyridine in 


severe circulatory collapse, we 


relatively low blood pressures 


anesthetized hypotensive dogs. 


EXPERIMENTAL 


Cardiovascular Effects of RA-1226 in Anesthe- 
tized Dogs. Mongrel dogs of both sexes were anes 
thetized with pentobarbital sodium, 35 mg./Kg., 
i. v. The left common carotid artery and both 
femoral arteries were isolated and 1,000 u./Kg. of 
heparin administered intravenously The left 
common carotid artery was cannulated and con- 
nected to the inflow tubing of a Shipley-Wilson 
rotameter. The distal sections of both femoral 
arteries were cannulated and connected to the out- 
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flow from the rotameter. Flow rate was recorded on 
a Sanborn visocardiette and obtained from 
either one or both femoral arteries depending upon 
the rate of flow. The proximal end of one of the 
femoral arteries was cannulated to record mean ar- 
terial blood pressure. Only those animals having 
relatively low blood pressures were selected for this 
study. Fresh aqueous solutions of RA-1226 were 
administered into the inflow to the femoral arteries. 

RA-1226 on Experimentally Induced Hypoten- 
sion. Mongrel dogs were anesthetized by an intra- 
venous dose of pentobarbital sodium, 35 mg./Kg 
Arterial blood pressure was recorded from a carotid 
artery via a mercury manometer or a Statham pres- 
sure transducer he trachea was cannulated to 
permit connection to a pulmotor. The animal was 
then placed dorsal side up and the spinal column 
exposed between C-2 and C-3 utilizing electrocau- 
tery. A laminectomy was performed and the dog 
placed on artificial respiration after sectioning of the 
spinal cord. The blood pressure was permitted to 
stabilize at a low level prior to the intravenous ad- 
ministration of RA-1226 

Peripheral and Central Effects of RA-1226.— The 
peripheral and central effects of RA-1226 on blood 
pressure were investigated in the dog cross-circula- 
tion preparation. The procedure used was a modi- 
fication of the technique described by Taylor and 
Page (3) in that the spinal blood vessels (venous 
sinuses and vertebral arteries) were occluded be- 
tween C-2 and C-3 utilizing a 21-gauge stainless 
steel wire. Two milliliters of tripelennamine (25 
mg./ml.) was administered subcutaneously to the 
donor dog, twenty minutes before cross-circulation 
was established between the left common carotid 
artery of the donor and the two common carotid 
arteries of the recipient, and the two jugular veins 
of the recipient and the left jugular vein of the 
donor. Heparin sodium 2 to 4 ml. (1,000 u./ml.), 
was immediately administered intravenously to 
the donor animal. After the blood pressures of the 
donor and recipient had stabilized, 0.25 ml. of 
Lugol's solution, U. S. P. was injected into the ar- 
terial tubing to the recipient's head to saturate the 
thyroid glands with iodine. Ten microcuries of I'*' 
(radio-iodinated serum albumin, human, Squibb) 
was administered into the arterial inflow to the 
recipient's head. Circulatory leakage between the 
body and the head of the recipient was determined 
periodically throughout the experiment by obtain- 
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left femoral vein 
were placed in a scintillation 


ing 3-ml. blood samples, from the 
of both 


counter to determine minute radioactivity 


inimals, 
Samples 
served as 


prior to I administration 


activity of the control samples were 


withdrawn 
controls The 
subtracted from the 
samples and the per cent 


readings of the subsequent 
radioactivity in the re 


cipient's peripheral circulation calculated as follows 


min. in Rk 100 
ink + 


in D 


corrected counts 
corrected counts / min 


corrected counts /min 


In two experiments the donor dog was replaced by a 
Sigma motor pump (model TM-10) and a Pulmopak 
oxygenator Abbott I vided 
oxygenated blood to the isolated head at the rate of 
Fresh 
s1dministered into the 


boratories), which pre 


approximately SO ml/min iqueous solu 


tions of RA-1226 were 
inflow to the recipient's head or into the 


irterial 
recip nt 


right femoral vein 
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RESULTS 


Cardiovascular Effects in Anesthetized Dogs. 
The effects of RA-1226 on arterial blood pressure 
ind femoral blood flow are summarized in Tables I 
ind II Doses of 1.0 to 2.0 mg./Kg. produced 
marked pressor responses of relatively long duration 
in all experiments. The mean per cent rise in blood 
pressure produced by 1.0 mg./Kg. of RA-1226 was 
120°) with a duration of action of over one hour 
rhe greatest per cent increase as well as the greatest 
ictual increase in arterial pressure, expressed in mm 
Hg rise in was observed in 
preparations which had very low blood pressures 
prior to the administration of the pressor agent 
Although RA-1226 did not markedly alter cardiac 
rate, it generally produced a slight increase in heart 
RA-1226 produced an initial transient in 
crease in blood flow which usually persisted from 
one-half to five minutes and was followed by a pro 
longed diminution in the rate of blood flow 

RA-1226 on Experimentally Induced Hypoten- 
sion. The effects of RA-1226 on the blood pressure 
of spinal dogs are summarized in Table III. RA 
1226, 5 mg. /Kg., i. v iverage peak 
increase in blood pressure of 203°) (120 mm. Hg rise 
in pressure) which persisted approximately sixty 
Lower doses also produced marked pressor 


blood pressure, those 


rate 


produced an 


minutes 
effects, however the duration of action was usually 
much shorter 

Peripheral and Central Effects of RA-1226.— The 
effects of RA-1226 on the blood pressures of the 
ind recipient dogs in the cross-circulation 
studies are summarized in Table IV Doses of 3 to 
5 mg./Kg., via the femoral vein of the recipient, 
produced marked sustained pressor effects in the 
recipient dogs oniy; 5 mg./Kg., administered via 
the arterial inflow to the recipient's head, produced 
pressor effects in the donor dogs only The data 


donor 


indicate that the pressor responses were entirely due 
to the peripheral actions of the compound and al 
though RA-1226 has been reported to produce cen- 
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Tas_e II].—Errect or RA-1226 on EXPERIMENTALLY INDUCED HYPOTENSION IN Docs 


Initial Hypo Peak 


Blood tensive Dose Pressor 
Dog Pressure, Level mg./Kg Effect Increase, Duration, 
No Wt, Kg Sex mm. Hg mm. Hg i. v mm. Hg % min 
l 5.9 M 125 68 5.0 175 157 45 
62 5.0 175 182 76 
2 4.0 M 108 56 5.0 200 257 73 
70 5.0 160 128 ; 
2 6.2 F 100 76 5.0 220) 189 81 
65 2.5 162 149 as 
i 5.8 F 100 86 2.5 180 109 47 
82 2.0 148 80 
& +.95 M 40 10 5.0 164 310 20 
6 7.2 M 125/75 60/35 2.5 75 183/214 30 


@ Spinal cord imtact 


TABLE IV.—Errect or RA-1226 oN Hyporension Due TO SURGICAL MANIPULATION IN Cross-CIRCULA- 
TION EXPERIMENTS 


Blood Max. Changes in 
Expt Pressure Dose Blood Pressure, % Duration, 
No Dog mm. Hg mg./Keg Route mm. Hg Increase min. 
l De 80 3 i. v.-R 0 0 
R* 20 +10 5O 20+ 
D 80 3 i. v.-R 0 0 . 
R 30 +30 100 28+ 
2 D 60 4 i. v.-R 0 0 
R 30 +60 100 20+ 
3 D 60 4 ia-R +45 75 20 
R 45 ) 0 
4° R 70/30 5.0 i.a-R 0 0 
R 75/35 5.0 i. v.-R +47/+20 63/57 30+ 
5 R 72/60 5.0 i. v.-R +88/+70 122/140 50+ 


* D, donor dog; R, recipient dog + Pump-oxygenator system utilized instead of donor dog 


SUMMARY 


tral analeptic effects, the blood pressure was not af- 
fected one way or the other by the action of the 


compound on central sites |. The hypertensive activity of 4-methyl-2- 
amino-pyridine (RA-1226) was investigated in 
DISCUSSION anesthetized hypotensive dogs, spinal dogs, and 


dog cross-circulation preparations. 

2 ino-pyri has bee be : 

4-Methyl-2-amino-pyridine ha been found to bea 2. RA-1226 produced marked pressor effects 
potent pressor agent possessing a relatively long ly in bott heti 
duration of action. Although the compound pro- © extrema y tong Curation in both anesthetized 
duced pressor effects in anesthetized hypotensive hypotensive dogs and spinal dogs. 

dogs lasting over one hour, femoral blood flow was 3. RA-1226 produced a transient increase in 
increased only for several minutes, which was fol 
lowed by a decrease in the rate of flow indicating a : , 
followed by a prolonged, marked increase in 
marked increase in peripheral resistance. Since the . 


femoral blood flow of relatively short duration 


compound does not appear to produce central hy- peripheral resistance 
pertensive effects, the two probable mechanisms of t. RA-1226 did not demonstrate any central 
action are direct stimulatory effects on the vascular 


hypertensive tendencies 
system and or the heart The data suggest that the 5. The hypertensive activity of RA-1226 was 
main site of action is the peripheral vascular system, 

with a possible secondary, minor effect on the heart. due entirely to the peripheral actions of the com- 
RA-1226 did not produce a decrease in cardiac rate pound. 

as reported by Gottstein, eft al. (2), and actually 

produced a slight increase in heart rate in the REFERENCES 

majority of dogs. This difference in the effects on (1) Von Haxthausen, E. F, Arch. exptl. Pathol. Pharmekol 
eardiac rate could be due to the fact that most Vaunyn-Schmiedeberg’s, 226, 163 (1955) 

of the dogs utilized in the current report had ex 2) Gottstein, U.. Hille, H., Oberdorf, A., and Schaefer, 


H., thid., 228, 314(1956) 
tremely low blood pressures (3) Taylor, R. E.. and Page. 1. H.. Circulation, 4,563(1951) 
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Technical Articles 


Study of Various Methods for Detecting Leaks 
Hermetically Sealed Ampuls 
By W. J. ARTZ, W. T. GLOOR, Jr., and D. R. REESE 


Six methods for detecting leaks in hermetically sealed ampuls were studied. The 
results indicated that the autoclave-dye method was the most selective of those stud- 


ied. An outstanding advantage of this method is that heat-sterilizable ampuls are 
sterilized and tested for leaks simultaneously, thus eliminating one step in process- 
ing. It was found that dye immersion has no effect on the autoclave time required 
for sterilization of a batch of one thousand 1-cc. ampuls. Other leak-detecting 
methods studied were: vacuum-dye, pressure-dye, fluorescent penetrant solutions, 
external air pressure, and dye immersion after autoclaving. The attributes and 


limitations of each of these are discussed. 


’ | HE PREPARATION of parenteral solutions ts a 


great responsibility From the first step to 
the last, the operator must continually remember 
that deviation from the prescribed technique may 
produce disastrous results in the patient The 
primary purpose of ampuls ts to provide individual 
sterile doses of solutions im separate containers 
that are sealed to prevent contamination by 
bacteria and other impurities. If there is a 
break in the seal of the ampul, contamination of 
the contents is almost inevitable; and very serious 
consequences may result if the solution is injected 
Thus place i great responsibility on the test 
which 1s used to detect leaks in ampul containers 

A number of methods for detecting leaks in 
ampuls have been proposed in the parenteral in 
dustry These run from the most frequently 
used method, vacuum-dye, to the helium-high 
frequency spark method (| The effectiveness 
of the vacuum-dye and other tests used for com 
merical products has been questioned for quite 
some time During stability studies we have seen 
more than one ampul that had passed the vacuum 
dye test develop crystals at the tip as a result 
of small capillaries that had not been previously, 
detected Als the literature cites several ex 
amples that point the finger of doubt at the 
methods currently used to detect leaks in ampuls 
For example, visible cracks in ampuls of saline 


solution stored in a 2.5 per cent solution of phenol 
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ogy experiments he conduct 


Also included is a discussion, with photo- 
graphs, of physical characteristics of ampul leakers. 


that is colored red with eosin (1: 600,000) allowed 
the diffusion of appreciable amounts of phenol 
into the ampuls although sufficient dye did not 
pass in to be detectable (2 Macintosh (3) re 
corded the passage of alcohol into ampuls through 
cracks of molecular dimensions in the glass, no 
flaws being noticeable by visual inspection 
Similarly, Steinberg (4) made a similar observa 
tion using thimerosal' tincture as the storage 
solution 

The present imvestigation was undertaken to 
study the vacuum-dve and other leaker-detection 
tests to determine which, of all the methods 
tested, is the most effective 

Before studying leaker-detection tests, it might 
be desirable to examine more closely the physical 
characteristics of ampul leakers. Figures 1-4 
show the four major types of leaks in hermetically 
sealed ampuls: (a) The capillary, the most difficult 
to detect, consists of an opening in the glass ex 
tending from the tip of the seal to the base of the 
seal. It is usually narrower at the top. (b) A 
crack at the tip of an ampul is usually found at 
the base of the seal. This could be caused by 
sealing too much glass, jarring the ampul when 
it is still hot, or by general mishandling c) 
Cracks at the base of the ampul are probably due 
to mishandling by the glass manufacturer or by 
laboratory personnel, but the cause 1s unknown 
(d) An incomplete seal is characterized by an open 
ing, usually larger than a capillary, at the tip of 
an ampul. This is caused by having too low a 
flame temperature or by removing the ampul 
from the flame prematurely 
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Fig. 1.—Photograph showing top and _ side 
views of capillaries found in hermetically-sealed 
ampuls 


-Tip-sealed ampuls showing cracks at the 
base of the seals. 


EXPERIMENTAL 


Fluorescent Penetrant Inspection._-The  effec- 
tiveness of fluorescent penetrant inspecffn is based 
upon one of the most powerful foreés in nature, 
capillary action. When ampuls are immersed in the 
penetrant solution (Zyglo-Pentrex?), the solution 
is pulled by capillary action into any defects that 
are present. A vacuum drawn on the ampuls will 
increase the penetrating action of the penetrant 
The ampuls are then immersed in an emulsifier 
(Zyglo-Pentrex emulsifier?) which combines with 
the penetrant on the surface, but not in the defects, 
to make the penetrant water-washable. The 
mixture of surface penetrant and emulsifier is 
rinsed by a gentle spray of water. The spray 
should have the proper degree of force and velocity 
to remove only the penetrant on the surface and 
not that which is in the defect. After all of the 
surface penetrant is removed, the ampuls are 
immersed in an aqueous solution of a developer 
(Zyglo ZP-5*) which acts like a blotter to draw the 
penetrant in the defects to the surface for inspection 
Before the ampuls are inspected, they are heated in 
a circulating hot air oven to warm the penetrant 
in the defects and thus enable the developer to 


? Magnaflux Corp., Chicago, Iil. 


Fig. 3.—Ampuls with cracked bases. 


Fig. 4.—Incomplete seals (top and side views). 


function more effectively. Inspection, the step for 
which all others are preparatory, is carried out under 
high intensity black light in a darkened area. 
Any defects, capillaries, cracks, etc., will glow with 
a yellow-green brilliance 

Fluorescent-penetrant inspection is used in the 
electronic and related fields (5, 6) very successfully, 
but before it can be adopted for detecting leaks in 
hermetically sealed ampuls, several factors must be 
considered 

First, minor defects such as dimples, crevices, 
and other superficial flaws show forth the same 
fluorescence as a true leaker; therefore, a specially 
trained operator is necessary to distinguish be- 
tween the two. Secondly, the penetration, emul- 
sification, and rinsing procedures must be controlled 
rigidly or the desired results will not be obtained 
For instance, if the penetrant-immersion time is too 
short, the penetrant will not enter all defects, and 
therefore will not detect all leakers. If the emul- 
sification time is too short, all of the surface pen- 
etrant will not be removed, and the ampul will 
appear to be one mass of green fluorescence under 
inspection. If the emulsification time is too long, 
the penetrant in the defects will be emulsified and 
washed away during the rinsing procedure. If the 
rinsing spray is too forceful, it will remove the 
penetrant from the defects; if it is too weak, some 
of the surface penetrant will remain and interfere 
with inspection. 
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Because some ampul rejects have cracks on the 
of the ampul, it is imperative that the 
surface of the ampul be inspected if this 
impul must be 
which ts a 


base or bod 
entire 
method is used To do so, each 
definite dis 
uivantage \lso, tox 
data emulsifiers, and 
developers must be known, because it is conceivable 
that an ampul containing a leak could go undetected 
and yet contein sufficient amounts of testing ma 
terials to be dangerous if injected 

External Air Pressure. Th« 
consists of a rubber 


inspected individually, 
in commercial production 
on the 


wity penetrants, 


ipparatus (Fig. 5) 


stopper in which three holes 


have been bored, one on the side for air to enter and 
ampuls to be placed, one tip 
down and one down The air 
through the stopper will force its into any 
cracks of that are present Bubbles in 
the solution indicate that there is a leak present, 
and the ampul is rejected The ampul must be 
rotated whilk 
surface of the 
otherwise tiny cracks 
detected Also, it may be 
umpul to force the liquid 
As mentioned earlier, it 
leakers contain cracks on the base 
therefore 


two on the top for 
base which passes 
way 


openings 


it is being tested, so that the entire 
seal is in the direct path of the air, 
will not be 
to shake the 
igainst the tip of the 


under the seal 


necessary 


has been learned 
of the 


it is necessary to test each ampul 


umpul 
that sore 
ampul 


twice; once at the tip and once at the base 


Fig. 5 Apparatus used to detect leaks in 
umpuls by the external air pressure method 


effective in 
that were 
Evidently 


This detection method 
detecting 
sealed with 


the pressure 


was very 


tiny capillaries in ampuls 


minimum amount of glas 
that wa 

forceful 


glass walls of improperly sealed 


used, up to S) Ib. per square 
break 

iampuls 
(1) leakers from a batch of 
passed an unstandardized vacuum-dye test but were 
detected by this method 

\ dis 
VETIHENICE 
twice, is that it does not detect cracks that might 
occur body of the ampul. To 
of ampuls, a method must be 


was rough the 
Approx 


1,000 ampuls 


inch, enough to 


imatety 


sxdvantage of this method, in addition to the 


ind impracticality of testing ampuls 
m the test the entire 
surface used in which 
the ampuls are immersed tn a test solutior 
Vacuum-Dye Method. — This is probably the most 
used leaker-detection test im the parenteral 
today It immersing 
ipplying a vacuum, and subsequently 
solution into 


widely 


industry consists of umpuls 
in a dye-bath, 


releasing the vacuum, forcing the dye 
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The 
a standard 
was connected to an 


ampuls that are not completely sealed 
apparatus used in our tests (Fig. 6) is 
laboratory desiccator which 
aspirator that draws a vacuum of 25-27 in 

The efficiency of this test has been increased 
greatly by standardizing each step in the procedure 
Before this study was begun, any dye that 
available was dissolved in water until a concentrated 
color was obtained. This solution was then used in 
the leaker tests Now, the following solution is 
used 


was 


FD&C Red No. 1 nO, 
FD&C Red No. 2 10 
Duponal C* 

Purified water, g. s. ad 


100.00, 


Only a fraction of a drop of this solution in a l-ce 
ampul containing a colorless aqueous solution will 
discolor the contents so that it is easily detected 
The Duponal C lowers the surface tension at the 
crack or capillary and increases the penetrating 
properties of the solution. Alcohol in place of water 
did not increase the effectiveness of this solution 
it was found that red was more easily detected than 
blue, green, yellow, or orange by the personnel in 
the ampul department; however, one of ten persons 
tested could not detect red or pink in normally 
colorless ampuls. It was later learned that this 
person was color blind to red and green. It is nowa 
standard practice to test every person for color 
blindness before he is permitted to test for leakers 


Fig. 6—Laboratory desiccator used in the 
vacuum-dye method for detecting leaks in ampuls 


Before this study, the vacuum was released every 
three minutes for three times This study, how 
ever, shows that the most effective procedure is to 
release the vacuum minutes for three 
times It also shows that releasing the vacuum 
sharply is more effective than releasing it slowly, and 
that results are obtained when the vacuum 
chamber is completely filled with dye solution 

It has been reported that pretreatment with 
heat or with an ultrasonic generator aids in opening 
up the leaks so that the effectiveness of the vacuum- 


every ten 


best 


dve test is increased (7 ) 
Standardization of the 

greatly increased its effectiveness 

been found that this method is not as effective as the 


vacuum-dye test has 


however, it has 
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autoclave-dye test which is discussed and compared 
with the vacuum-dye test later in this report 

Pressure-Dye Method.—-This is essentially the 
same as the vacuum-dye test except that a pressure, 
instead of a vacuum, is exerted on the ampuls in a 
chamber filled with dye solution. The apparatus 
consists of a steel tank attached to a hand pump, 
on which can be obtained pressure up to 200 Ib./sq 
in. The standard red dye solution, which was 
described earlier, was used as the detecting media 

In comparison tests it was learned that the 
vacuum method was more efiective than the 
pressure method. In each of eight tests at least one 
leaker was detected by the vacuum method that 
was not detected by the pressure method. Also, 
in five additional tests not one leaker was found 
by the pressure test after the ampuls were inspected 
by the vacuum test. The conditions used in the 
pressure tests ranged from 50 Ib. pressure for 
fifteen minutes to as high as 180 lb. pressure for 
ten minutes. It was observed that pressure even 
as high as 150 Ib./sq. in. did not improve the 
effectiveness of the test. 

Autoclave-Dye Method.—-In the autoclave-dye 
method, the ampuls are autoclaved while they are 
immersed in dye solution. They are then rinsed 
and inspected in the usual manner. It was found 
that it makes little difference whether the ampuls 
are inspected immediately or whether they are 
allowed to cool to room temperature in the dye 
solution. A cyclomatic autoclave made by the 
American Sterilizer Co. was operated at slow exhaust 
during this study. If the autoclave is exhausted 
too rapidly, the rate of loss of pressure will exceed 
the rate of reduction in temperature of the dye 
solution, thereby causing the solution to boil and 
possibly overflow. It is important that the ampuls 
be completely immersed in the dye solution through- 
out the autoclave cycle; otherwise a leaker may 
escape detection. This can be accomplished by 
tying the ampuls in sacks of cheesecloth 

The autoclave-dye and the vacuum-dye methods 
were compared by subjecting ampuls first to one 
test then to the other to determine which is the 
more selective. It was found, in ten separate 
tests, that the vacuum-dye method detected no 
leakers in ampuls that were previously tested by 
the autoclave-dye method. On the other hand, it 
was found that the autoclave-dye method detected 
leakers in five out of 10 batches that were previously 
tested by the vacuum-dye method. It is evident 
that the autoclave-dye method is more selective 
than the vacuum-dye method; but the difference in 
selectivity is not so great as shown here. We 
have found that subsequent autoclaving of ampuls 
will detect additional leakers; therefore, the second 
autoclaving in the autoclave-dye method accounts 
for some of the additional leakers. It is not at all 
likely that it would account for all of the additional 
leakers. We feel that autoclaving does not neces- 
sarily detect previously undetected leakers but 
that it, by nature of its extreme conditions, forces 
leaks in ampuls that may be weak, strained, or 
poorly sealed 

In addition to being more selective than the 
vacuum-dye method, the autoclave-dye method is 
more practical because it combines the detection of 
leakers with the sterilization of ampuls, thereby 
eliminating one step in processing. To determine 
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the effect of dye immersion on the time required 
for sterilization, a study was conducted in which 1- 
cc. ampuls were filled with trypticase soy broth 
which was freshly inoculated with B. subtilis spores 
in a concentration of 0.08 cc. per 800 cc. of media. 
One thousand ampuls tied in cheesecloth sacks were 
placed in a tray containing dye solution and auto- 
claved for either twenty, thirty, or forty-five 
minutes. One hundred ampuls were kept free of 
the dye solution during autoclaving to act as a 
control. Following autoclaving the ampuls were 
incubated at 30° for ten days. They were then 
inspected for turbidity which would indicate 
bacterial growth resulting from insufficient autoclave 
time. No contaminated ampuls were found in any 
of the groups, indicating that there is no difference 
between ampuls autoclaved in dye and without dye. 
We have found that by using the equipment 
described above twenty minutes is sufficient auto- 
clave time to sterilize 1-cc. aqueous ampuls that are 
immersed in dye solution 

Before this method is used in commercial produc- 
tion it will undoubtedly require some modification 
to handle the larger volume of ampuls. 

Dye-Immersion After Autoclaving.-When am- 
puls are immersed in a dye-bath immediately after 
autoclave sterilization, those containing leaks will 
pull in dye as they cool to room temperature. This 
is a very simple method and has been found to be at 
least as effective as the vacuum-dye method. In 
comparison tests, no leakers were detected by the 
vacuum-dye method in 12 batches of ampuls that 
were previously tested by dye-immersion after auto- 
claving. In 10 other tests this method did not 
detect additional leakers after the ampuls had been 
tested first by the vacuum-dye method. 

If the ampuls are not immersed in the dye-bath 
immediately after autoclaving, some leakers will 
draw in air when they cool, and therefore will 
be unable to draw in dye when they are immersed. 


CONCLUSIONS 


The results of this study indicate that the most 
effective method for detecting leaks in heat-ster- 
ilizable ampuls is the autoclave-dye method. This 
method has the added advantage of the ampuls 
being sterilized at the same time that they are 
tested for leaks, thus eliminating one step in proc- 
essing 

It also appears that a satisfactory leaker-detection 
method will result if ampuls are immersed in a dye- 
bath immediately after autoclaving 

For ampuls that cannot be sterilized by auto- 
claving, it is recommended that the vacuum-dye 
method, standardized as in this study, be used. 
Although not as effective as the autoclave-dye test, 
this method is moderately reliable 

Regardless of the leaker-detection method used, 
one cannot be sure that all of the leakers (100% of 
them) are detected. It is important then, that 
every possible means be taken to avoid leakers. 
Following are recommendations which may help re- 
duce the number of leakers 

(a) The method of sealing should be used that 
will give the most satisfactory seal. It appears to 
be the consensus in the parenteral field that pull- 
sealing is more dependable than tip-sealing. 
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sealed 
through 


(hb) The sealer should discard improperly 
immediately If 
processing, they may be overlooked 


umpul they contimuc 


(c) Ampuls should always be handled gently to 
avoid cracks caused by mishandling 

(d) A standard should be made for properly 
sealed ampuls, and any ampul that does not live up 
to this standard must be discarded 


SUMMARY 


| \ 


found in 


brief discussion of the types of leaks 


hermetically sealed ampuls is pre 
sented, with photographs 
2 Six methods for detecting leaks in ampuls 
are discussed, including the attributes and limita 
tions of each 
rhe 


method has 


fluorescent-penetrant inspection 


many factors which must be con 


trolled before it can be adapted for ampul-leaker 
Several of these 


inspection are listed 


$+. External air pressure is quite effective in 
detecting leaks at the tip and base of ampuls but 
it fails to detect cracks which are on the body of 
the ampuls 
5. Because cracks can occur at any place on 
an ampul, a method in which the entire ampul is 
immersed in a detecting media appears generally 
to be the method of chonce 

6. Standardization of the vacuum-dye method 
effectiveness The 


has greatly increased its 
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means of 


standardizing this method are pre 


sented 

7. The selection of the type of dye to use for 
leaker detection depends on the color-correction 
All in 
spectors should undergo a test for color blindness 


situation in the eyes of the inspectors 


rhe formula of the dye solution found to be very 
effective in this study is listed 

8 The vacuum-dye method was found to be 
more effective than the pressure-dye method. 

9 The autoclave-dye method was found to 
be more effective than the vacuum-dve method 

10. Immersion in dye solution has no effect 
on the autoclave time required for sterilization of 
a batch of one thousand 1|-cc. ampuls 

11 Phe autoclave-dye method eliminates one 
step in processing because it sterilizes the ampuls 
ind tests them for leakers at the same time 

12. Dvye-immersion after autoclaving is at 
least as effective as the vacuum-dye method and 
may be as effective as the autoclave-dye method 
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Notes 


Production of Hypertensive Rats by Experimental Stress 


By WILLIAM J. HUDAK?# and JOSEPH P. BUCKLEY 


Twenty-four Wistar rats were subjected to three types of stress, four hours a day, four 
days per week, for a period of thirty-five weeks in an attempt to produce hypertensive 
rats which could be utilized in the investigation of antihypertensive compounds. 
The blood pressures of the stress animals gradually increased reaching a maximum 
mean of 152 mm. Hg for males, at the end of the twenty-second week, and 151 mm. 


Hg for females, at the end of the twenty-eighth week. 


Fifteen rats (8 males and 7 


females) died before the study was terminated with the greatest number of fatalities 
occurring between the twelfth and eighteenth week. 


E1ss (1), Alexander (2), Saul (3), and Dunbar 
(4), have called attention to the unresolved 
psychologic conflicts which give rise to chronic 
emotional tension, and which they believe are 
specifically related to hypertension in man. As an 
experimental approach to this problem, Farris, 
et al. (5), and Medoff and Bongiovanni (6), sub- 
jected rats to audiogenic stimulatien (air blasts five 
to ten minutes daily) and obtained systolic blood 
pressures of over 180 mm. Hg. Selye (7) suggested 
that the arterial lesions and hypertension that de- 
velop in rats following stress are the result of formi- 
dable physical stimulation leading to exhaustion 
Shapiro and Melhado (8) subjected rats to varying 
types of stress, both individually and in groups, and 
after twelve weeks concluded that psychologic dis- 
turbance did not increase the level of blood pressure 
The object of this present study was to produce 
hypertensive rats for investigational purposes by 
means other than surgery or cortical steroid ad- 
ministration. It was felt that if hypertensive ani 
mals could be produced by subjecting them to 
variable stress conditions, the resulting pressor 
responses would be more physiological than the 
standard methods and that hypotensive responses 
produced by antihypertensive drugs in these animals 
would more closely correlate with expected responses 
in the hypertensive human 


METHODS 


Twenty-four albino Wistar rats (12 of each sex 
weighing approximately 150 Gm. were subjected to 
the stress conditions for four hours a day, four days a 
week, for a period of thirty-five weeks. The follow 
ing forms of stress were utilized: (a) Flashing 
bright lights utilizing 150-w. indoor reflector spot 
lights. Four lights were placed around each cage, 
approximately 18-24 inches from the center of the 
cage. Each light flashed 30 times per minute for a 
one-second interval, with two lights flashing simul 
The intensity of the light was approxi 
mately 25 foot candles. (6) Audiogenic stimulation 
produced by tape recording noxious sounds (com 


taneously 
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pressed air blasts, bells, buzzers, and tuning fork 
impulses) at five-minute intervals for one-half 
minute periods and then highly amplifying them 
upon reproduction. The intensity of the audiogenic 
stimulation at the site of the rat was approximately 
100 decibels. (c) Oscillation at the rate of 60 times 
per minute 

The stresses were applied as follows: a plus 6 for 
a two-hour period, a plus ¢ for a one-hour period, 
b plus ¢ for a one-hour period. The stress condi- 
tions were altered daily to prevent acclimation to the 
stimuli. Following the daily stress period, the rats 
were maintained under standard conditions. Six 
control rats (three of each sex) were not subjected to 
any of the stresses. Systolic blood pressures were 
obtained every other week by means of the photo- 
electric tensometer.' Both stress and control males 
were placed on 0.9°;) sodium chloride drinking solu- 
tion on the fifteenth week. 


RESULTS AND DISCUSSION 


The animals subjected to the stimuli became 
hyperactive and irritable and exhibited excessive 
salivation, lacrimation, urination, and defecation 
Fifteen rats (eight males and seven females) died 
before the study was terminated, with the greatest 
number of fatalities occurring between the twelfth 
and eighteenth weeks. The animals were observed 
to be in a state of rigor almost immediately following 
death. No fatalities occurred in the control group. 

The blood pressures of the experimental female 
rats gradually rose for six weeks (Fig. 1). Following 
a temporary period of apparent acclimation, the 
pressure continued to rise to a maximum mean 
pressure of 151 mm. of Hg at the end of the twenty- 
eighth week. When the data were subjected to the 
“t” test, the difference between the mean blood 
pressure of the control rats and mean pressure of the 
stress rats was significant at the 0.001 level. After 
reaching this peak, the blood pressure decreased in 
the next seven weeks to a mean of 120 mm. Hg, 
indicating an apparent acclimation to the stimuli 
The blood pressures of the male rats followed a 
pattern similar to the females (Fig. 2). The 
maximum mean blood pressure of 152 mm. Hg was 
reached at the twenty-eighth week (the difference 
between the means was significant at 0.001 level) 
after which the pressure decreased to a mean of 
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Fig. 1 rhe effects of experimental stre cm the 
blood pressure of female rat Fig. 2 The effects of experimental stress on the 


blood pressure of male rats 


125 mm. of Hg. Sedium chloride drinking fluid 
failed to increase the pressor response s the pres is a pilot study, it was evident that the animals 


sure of the control males remained unchanged and subjected to variable stress conditions could be 


the degree of blood pressure increase between the utilized in investigating hypotensive compounds 
males. which received saline, and the females, which Phe acclimation which occurred after a period of 
received tap water, were appr xirmately the pine ipproximately twenty-five weeks might be pre 

rhe animals surviving the experiment were sacri vented by substituting different stress conditions 
ficed and their kidne ind adrenal glands removed — Prior to that time It was also evident that the rats 
for histological examination.?. The kidneys of the had undergone marked behavioral changes and that 
tre inimals contained pigmented granules which these animals could be utilized in the investigation 

b suppeared in n es, mainly in the cortical layers of psychotropic compounds 
the tubule ppeared greatly cot tricted and the REFERENCES 
kiln cells were enlarged The adrenal glands of 
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Assay of Certain Alkaloids in Nonaqueous Solution 
By S. M. WANG and R. W. HUNTER 


A method is described for the assay of alkaloids or alkaloidal salts either in the 

pharmaceutical preparation or plant extract which is based on separating the al- 

kaloids by ion exchange resin and determination of them in the nonaqueous solution, 
either by visual indicator method or potentiometry. 


_— PAPER deals with the application of ion add 10 ml. of mercuric acetate solution (10 mg. per 
exchange adsorption and nonaqueous titration ml.) to the mixture; a precipitate willform. Weigh a 
for the determination of alkaloids (1, 2). A small  1-Gm. portion of pretreated Amberlite IRC-50(H) 
quantity of alkaloids from 0.01 to 0.1 meq. can be add to the above solution, and shake the mixture on 
extracted out from the aqueous solution by ion a shaking machine for thirty minutes. Filter off 


exchange resin such as Amberlite IRC-50.' The _ the solid, test the filtrate for complete extraction 
alkaloids can be easily eluted from the resin by treat- | by using alkaloidal reagent. Remove the excessive 
ing them with nonaqueous solution, such as glacial amount of water and place the solid in 25 ml. of 
acetic acid. The resulting solution can be directly glacial acetic acid, warm at 60° for ten minutes, 
titrated by standard perchloric acid solution, shake for another thirty minutes, then add two 
either with visual indicator or potentiometry drops of methyl violet indicator Titrate the 


Amberlite IRC-50 has been emploved, because of | solution until the disappearance of purple tinge or 
(a) its weak cation exchange character, (>) its total titrate the solution potentiometrically with a 
capacity of exchange of 10 meq. per Gm. of the Beckman model G pH meter 
solid, and (c) the high efficiency with which this Assay of Alkaloids from Plant Extract.._Weigh 
resin can easily be regenerated with acid accurately a portion of crude extract containing 5 

to 50 mg. of alkaloids, place in a Soxhlet apparatus, 
EXPERIMENTAL add 2 ml. of ammonium hydroxide solution, and 
Materials and Reagents.— Glacial acetic acid completely extract with an immiscible solvent such 


U.S. P.: methyl violet indicator, 0.2°) in chloro as chloroform. Evaporate the solvent to one-fifth 
benzene; perchloric acid, 0.01 N; Amberlite IRC of the original volume. Extract the alkaloids with 
5O(H), and Beckman model G pH meter three 10-ml. portions of 5°; acetic acid and evaporate 


Assay of Alkaloids.._Weigh accurately about 5to the mixture until free from chloroform. Follow the 
50 mg. of alkaloids or alkaloidal salts, either in the — procedure as described in the above assay. Titrate 
form of tablet or solution, and dissolve in 25 ml. of | the final solution potentiometrically with a Beck 


; water Add a drop of glacial acetic acid for free man model G pH meter. The assay results are 
alkaloid. Filter off any inert materials and slowly given in Table I 
oe Taste I.—-Assay or ALKALOIDS BY ION EXCHANGE SEPARATION AND NONAQUEOUS TITRATION 
Alkaloids Amount Added, mg Amount Found," mg 
7 Atropine 50.00 50.30 
20.00 20.15 
5.00 4.98 
S. D. 0.1 
Brucine 50.00 50.25 
Ephedrine hydrochloride 50.00 505 
Homatropine hydrobromide 50.00 50 75 
Pilocarpine hydrochloride 50.00 50.290 
20.00 20.35 
5 00 5.20 
Ss. D 0.14 
Strychnine sulfate 50.00 50.90 
Atropine sulfate tablet 0.325 per tab. 0.320 per tab. 
(Eli Lilly and Co 
Ephedrine sulfate solution 005° per ml 0). 048° per ml 
ji (Parke Davis and Co. ) 
Scopolamine hydrobromide tablet 0.4 per tab 0.38 per tab 
: (Brewer and Co., Inc.) 
Belladonna extract powdered 12.5 12.0 


*" Average of three determinations » Quantity given in grams 
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Auto-oxidation of Apomorphine 


By P. N. KAULt and BE. BROCHMANN-HANSSEN 


The auto-oxidation product of apomorphine has been isolated. On the basis of 

elemental analysis, spectral evidence, as well as solubility and chromatographic be- 

havior, it appears to be devoid of nitrogen, possibly an 8-substituted phenanthrene- 

4,4-dione. A scheme is suggested for the degradative process. The iscvameeciien 
product has no emetic property. 


r 1S WELL KNOWN that aqueous solutions of apo 
I morphine rapidly undergo oxidative changes and 
turn green Phis decomposition is oxygen- and pH 
dependent 3), but nothing is known about tts 
mechanism Several antioxidants have been sug 
gested to prevent discoloration of solutions (4, 5 
ind also to improve recovery of the alkaloid in the 
isay of solutions containing apomorphine (6 
Gorrell and Gray (7) and Ponte (8) have reported 
that the development of n color in old solutions 
is net accompanied b jualitative or quantita 


tive char yharmacological activity 


TRANSMITTANCE 


rhe present study was undertaken in an attempt 
te clarify the n mechanism of the im ritro 
lecompe ono ‘ 

WAVELENGTH MICK 
EXPERIMENTAIL 
Fig I. R. absorption spectra of apomorphine 

A solution morphine hydrochloride | lower curve) and its auto-oxidation product 
in water ‘ y “ illowed to stand for a upper curve 
few da i separatory funnel During this time, 
it turned dark bluish-green, and a k-colored oxidation product (upper curve) as compared with 
deposit formed on the sides re container that of apomorphine (lower curve 
Phe u be, extracted veral times with In one trial, a dog weighing about 3 Kg. was given 
hl intravenously 5 mg. of the oxidation product of apo 


} 
washed repeatedly with 1 drochloric acid morphin: No emesis occurred, nor did the animal 
ipemorphine and an er amine form show any excitement or increased metabolic activity 


ing ‘ lubole lt Finall 1 solution wa In contrast, a similar dose of apomorphine invariably 
washed wit ‘ ind dried over anhydrous sodium 


tlorot the combined form extract 


produces emesis and general stimulation in dogs of 


ulfate The chloroforn removed under re comparable weight 


duced pressur 1 temperature not exceeding 40 
ind the residu is crystallized several times from a DISCUSSION 

mix ture f chk wm and ethyl acetate (1:10 Phe oxidation product ts devoid of nitrogen as 

yheroidal crystals softened at revealed by its elemental analysis and supported by 

its solubility characteristics, chromatographic be 

btained in havier, and by the absence of any absorption band 


bubbling air through an aqueous round 4.1 w where the N H group usually 


hine ‘ hloride, extracting ibsorbs 
| ind then following The decrease in absorption around 3 yw and the 
presence of a strong band at 6 w indicate that the 
Qual ve elemental ana catechol function may have been oxidized to ortho 
substa cay neg nitrogen quinone In contrast, the apomorphine spectrum 
Paper « 1 1 n buffered paper (pH shows an absorption band at 4.05 yw, indicating the 
3-7) with v t urated butanol the mobil presence of a charged nitrogen. The broad peak at 
phase ] ad he R valu { | isolated 3.25 w and the shoulder at 2.9 uw are probably due to 
composition onduc \ ndent of pH C--H stretch and hydrogen bonded hydroxyl groups 
S85 The chain of degradative reactions most likely 
electronic sorption spectrum of a starts at the catecholic function of the apomorphine 
tution w found to be pH-dependent, sug molecule Since the rate of degradation increases 
ting the preset f a dissociable acidic functior with an in¢rease in pH, dissociation of at least one 
pectrum accomy of the two phenolic hydroxyl groups must be neces 
ing changes in pH were small at ersible it ‘ sary for initiating the auto-oxidation. The pre 


range of pH 1 to 9 An irrey bl ! ‘ ferred steric orientation of the apomorphine mole 


The cl inges in the ultravi 


it pH above 0 cule favors hydrogen bonding of the hydroxvl group 
Figure | t e infrat per of tl of the 4-position with oxygen at position 3 (I The 
dissociation would, therefore, occur in the hydroxyl 

group in the 3-position. The resulting phenolate 

ver Il) would make the molecule susceptible to atmos 


+ Present addre 


of Pharmacology rite Vietori istr pheric oxygen and potentiate further electronic 


} 
j 
al 
100 
‘ 
# 
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CH,COO O 


CH,COO— 


COCH, 


N—CH, 


VI 


rearrangements (IIL). On the other hand, diacety! 
apomorphine, in which no such dissociation can take 
place, is stable in aqueous solutions (9 

One of the characteristic structural features of 
apomorphine is a dihydrophenanthrene system, 
which under appropriate driving forces would tend 
to oxidize to phenanthrene, thermodynamically a 
more stable structure because of its increased reso 
nance. This would favor opening of the piperidine 
ring at a point between the tertiary nitrogen and 
rinz B. With further ovidation, the catechol func 
tion would go to an ortho-quinone structure (I\ 
Such a compound would show a high degree of con 
jugation, with possible forms of resonance exhibiting 
a separation of charge. This would account for the 
intense color of the oxidation product 

Since the isolated oxidation product is free of 
nitrogen, this element must be eliminated, possibly 
as methylamine or amine ovide, during the con 
tinued oxidation process. This would result in 
phenanthrene-3,4-quinone substituted in position 8 
(\ The substituent, although not yet established, 
might be a vinyl gfoup 

It is well known that the bond between the 
tertiary nitrogen and ring B of apomorphine is weak 
and easily broken by treatment with various re 
agents. Thus, when apomorphine is treated with 
excess benzoyl chloride or acetic anhydride, fission 
of the nitrogen-containing ring occurs, the products 
being tribenzoyl apomorphine and triacetyl ap« 


morphine, respectively (9, 10 Both of these com 
pounds have been shown to be aromatic phen 
anthrene derivatives (VI). Treatment with cyan 


ogen bromide likewise results in the opening of the 
nitrogen ring (11 
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N—CH, 


Vv IV 


Hofmann’s degradation of the dimethyl ether of 
apomorphine gives 3,4-dimethoxy-8-vinylphen 
anthrene which can be further oxidized to 3,4-di- 
methoxy-phenanthrene-8-carboxylic acid (10, 12) 
One might argue that the method of Hofmann’s 
degradation uses rather rigorous treatment quite 
different from the situation that exists during in vitro 
auto-oxidation. However, when the two phenol 
groups of apomorphine are not protected by methyl 
ation or esterification, the same or similar reactions 
may require much less drastic conditions 

It is of interest to note that the colored oxidation 
product of apomorphine has no emetic property 
This observation contradicts the findings of Gorrell 
and Gray (7 However, it supports the work of 
Tiffeneau and Porcher (9) who reported that tri- 
acetyl apomorphine (V1) possessed no emetic prop- 
eriv, whereas diacety] apomorphine, being converted 
in the body to apomorphine, was active 
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Physicochemical and Pharmacological Properties of 
Beef Muscle Hydrolysate 


By B. CALESNICK and D. MILLIGAN 


A hydrolysate of beef muscle, which is used therapeutically, was studied in order to 


establish physicochemical constants and the relative degree of toxicity. 


The pres- 


ence of polypeptides was established and a fair degree of consistency of com- 


position was found in the lots tested. 


The acute toxicity studies revealed the safety 


of this preparation when used in the suggested dosages. 


undertaken to determine the 
pharmacological prop 
which, according to the 


STUDY Wa 
icochemical ind 
erties of a preparation 


wnufacturer, 1 produced by the enzymatK 


hydrolysis of beef muscle extract l It is further 
tated that 


involved and the pr ir 


three distinct hydrolytic procedures are 
wctions removed by 
established routine metho l This hydrolysate 


been used clinical! many years and sold 
trade names of Pro 


Zyme and A.N.F 
factor The present name ts Viro 
marketed as a 


complex im Uo, 


neler the 

solution of trac 
-ribonucleotides 
benzyl alcohol It is administered 


ind is recommended for various 


of neuritic pam 
EXPERIMENTAL 


Materials 


mmercial lots were used im this study, 


considered to « these 


lots im order to determine conststency of composition 


ind reproducibility of result 


Procedures 


pH of the solutions was 
with a Beckman model N 


Physicochemical.  Th« 
determined in duplicate 
pli neter 

Total nitrogen and nonprotein nitrogen were ce 
Kjeldahl method 
reetic acK the protein precipitant 

The ultraviolet and 
triplicate 
pectrophotometer 


termined by tl using 
trichlor 
visual 
were determimed in 
ted of O and 
led water concen 
former 

in the latter 

btained using 


Bowman 


] f chemical 
fragments ittempted by 
paper chron ea nding technique 
was used with t i ul stem and 


Whatmar 


deve loped 


wert 


directly 


Recei 
Pharma 
Pa 


Accept 


pplred huaker (ity 


Pa and Marcen Laboratoric 


under U. V. light Absorbances were determined in 
the patterns developed with ninhydrin 

Paper Electrophoresis.—Using the method de 
scribed by Jefferis and Everts-Suarez (4) patterns 
were obtained using Whatman No. | filter paper 
ind barbital buffer, pH 8.6. These patterns were 
developed in the dark with ninhydrin 

Pharmacological. — In studies, the acute 
LD» was determined in white Swiss mice with an 
weight of 20 Gm Initial 
that up to 1 mil. of the commercially 
available failed to kill any of these 
inimals intraperitoneally Hence, 
in order to increase the dosage within a feasible 


these 
iverage observations 
revealed 

preparation 
when im jected 


me 


a 25°, concentration was supplied by the 


Controls were given an equivalent 


volume, 
manutacturers 
volume of normal saline 

In order to determine if Viro-Zyme ( v-z) produced 
hemolysis im viiro, a study was set up using I) test 
tubes containing 2 ml. of normal saline To each 
tube was added 0.1 mil. of a 50>, suspension of 
erythrocytes and the following 


washed human 


amounts of v-z: 


Tube No 

0.3 

9 0 

10 Oo 


minutes at 
evidence of 


\ll tubes were incubated for thirty 


then inspected grossly for 
hemolysis Tubes containing the various dilutions 


of the hydrolysate were used as blanks 


37 ind 


Results 


Physicochemical.—-The pH of the various lots 
varied between 5.35 and 5.48 

rhe total nitrogen was found to be 9.27 mg_/ml 
with a nonprotein nitrogen of 8.13 mg./ml The 
nitrogen, precipitated by trichloroacetic acid, was 
calculated as the difference 
two values and was found to be 1.14 mg./ml All 
of the a positive biuret reaction 

Phe absorption spectra in the ultraviolet range 
showed a slightly dif 
On the other hand, 
two different lots 


between the above 


various lots gave 


between 300 and 530 my 
ferent slope between two lots 
the ibsorption spectra of the 
commended between 400 and 700 my The spectro 
photofluorometer recorded activation at 370 my 
ind fluorescence at 450 my 


Representative paper chromatograms from each 


| 
| 
intra 
Vato 
since it was Ei 
5% 
25°), v-z 
the fluoromets ehed The 
spectrophot fluorometer was used for the measure ch se 
ment of fluorescence ind for recording of ac ef 
tivation and fluorescence pectra The concen Sih 
tration of matertl used m this study was 2.5 ; 
meg. /ml 
} 
No. | filter paper trips 
ed October wl) freven the rator Human 
Ine. New Rochelle, NY 
ff 
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lot differed slightly from each other. It was 
observed that as many as seven fractions were 
discerned under U. V. light. No attempt was made 
to determine if they were single substances or 
mixtures. The following Ry values were obtained 
0.14, 0.20, 0.27, 0.33, 0.38, 0.45, and 0.50. The 
relative concentrations of each fraction, demon 
strated by densiometric studies, revealed the highest 
concentration at Ry and the lowest at Rp 

Paper electrophoretic patterns confirmed the 
similarity of the lots 

Pharmacological... The LDw in the white mice 
was found to be 8.2 + 1.2(S. E.) Gm./Kg 

In the im vitro test for hemolysis, no evidence of 
hemolysis was discerned in any of the tubes 


SUMMARY 


In studying the chemical properties of this 
hydrolysate, it has been established that a number 
of ingredients are present. Since the chromato 
grams and electrophoretic patterns reacted with 
ninhydrin, there is presumptive evidence of a free 
a-amino acid such as is found in proteoses, peptones, 
and peptides. Further evider © was obtained by a 
positive biuret reaction whic. confirms the presence 
of polypeptide linkage 
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It is generally assumed that the nonprotein 
nitrogenous compounds are separated from’ the 
protein by the use of a protein precipitant. How- 
ever, it is possible that the fragment of nitrogen 
precipitated by the trichloroacetic acid in these 
studies represent some of the larger polypeptide 
molecules and not a true protein molecule. Hence 
the nitrogen precipitated by trichloroacetic acid, 
which was designated as the difference between 
total and nonprotein nitrogen, could well represent 
a polypeptide rather than a protein nitrogen 

Further evidence of the safety of this hydrolysate 
was obtained by the LDs in mice. Accordingly, an 
average adult could possibly tolerate 57 Gm. of this 
material or up to 1,140 ml. of commercially available 
solution subcutaneously or intramuscularly In 
addition, it was found that there was no evidence of 
hemolysis when human erythrocytes came in 
contact with 4.8°) concentration of the hydrolysate. 

The clinical evaluation of this product will be 
the subject of a subsequent paper. 
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Determination of Dextrosulphenidol 


By ARLINGTON A. FORIST and SUSAN THEAL MADDEN 


EXTROSULPHENIDOL, pd - threo - 2 - dichloro- 
1 -(4- methylsulfonylpheny]) - 1,3- 
propanediol, is a potent antibacterial agent. Early 
assays of this compound were based on a tube 
dilution technique (1) Recently, a chemical 
method based on alkaline hydrolysis followed by 
periodate oxidation and colorimetric determination 
of the resulting p-methylsulfonylbenzaldehyde has 
been described (2). The present procedure provides 
an alternative, somewhat simpler, analysis for 
dextrosulphenidol in the bulk state and in for- 
mulations, based on the determination of dichloro 
acetohydroxamic acid produced on reaction with 
alkaline hydroxylamine 

EXPERIMENTAL 

Reagents.—(a) Hydroxylamine hydrochloride, 
12.5% in methanol. (+) Sodium hydroxide, 12.5%, 
in 85° methanol. A sample of 12.5 Gm. of sodium 
hydroxide is dissolved in 15 ml. of water and the 
resulting solution is cooled and diluted to 100 ml 
with methanol. (c) Ferric perchlorate, stock 
solution. An 800-mg. portion of iron powder is 
mixed with 3 ml. of water. A total of 10 ml. of 
70% perchloric acid and 7 ml. of water is slowly 
added, dropwise The resulting solution is then 
carefully heated to dissolve any remaining iron 
particles and to insure conversion to the ferric 
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state. The cooled solution is quantitatively trans- 
ferred toa 100-ml. volumetric flask and, with cooling 
under running tap water, gradually diluted to 
100 ml. with anhydrous 2B ethanol. (d) Ferric 
perchlorate, reagent solution. A 40-ml. aliquot of 
the stock solution is transferred to a 1-L. volumetric 
flask followed by 12 ml. of 70°, perchloric acid 
The resulting solution is gradually diluted to 1 L 
with anhydrous 2B ethanol with cooling under 
running tap water. (¢) Alkaline hydroxylamine 
reagent. Equal volumes of reagents (a) and (5) 
are mixed and the insoluble sodium chloride is 
removed by filtration through Whatman No. 40 
paper. This reagent is usable for four hours 
f) Standard dextrosulphenidol solution An 
approximately 0.008 M solution is prepared by 
dissolving an accurately weighed sample in an 
appropriate volume of anhydrous 2B ethanol 
Procedure.—A sample of approximately 45 mg 
of the material to be analyzed is accurately weighed 
into a 25-ml. volumetric flask, dissolved in anhy 
drous 2B ethanol, and diluted to volume. A 5-ml 
aliquot of this sample solution is transferred to a 
50-ml. volumetric flask followed by 3 ml. of the 
alkaline hydroxylamine reagent. The solution is 
mixed and the tightly stoppered flask is immersed 
in a 50° constant temperature water bath for forty- 
five minutes. At the end of that time, the solution 
is diluted to about 40 ml. with the ferric perchlorate 
reagent, thoroughly mixed, and stored in the 
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ibsence of light for about ten minutes. (Usually 
everal samples are run simultaneously and each 1 
brought tu t tage before proceeding further 

The ution then diluted to 5) ml. with the ferrn 
perchlorate reagent and thoroughly mixed The 
ibsorbanes f the resulting solution ts measured 


reagent blank 
model B 


within one hour at 530 my versu 
Beckman 
photometer, l-cm. cells 

Iwo standard 


unknown, om 


imilarly prepared spectro 


samples are run in parallel with the 
containing 5 ml. of the standard 
other 


dextrosulphenidol solution, the 


containing 
mil. of the standard solution and 3 ml. of anhydrous 
2B ethanol 


unknown is calculated from a linear standard curve 


Dextrosulphenidol content of the 


constructed from these two points and the origin 
RESULTS AND DISCUSSION 
The reaction of amides with alkaline hydroxy! 
amine to produce hydroxamic acids which in turn 


colored ferric complexes has 
several investigators (3-9 How 


form highly been 


described by 


ever, under the conditions employed, instability 


of the ferric hydroxamates presented a serious 

problem Recently, Goddu, LeBlanc, and Wright 

10) have made a complete study of the factors 


involved in the hydroxamic acid procedure for the 
determination of esters and have described concen 
trations of acid and ferric ton necessary for a 
been in 
present method for the deter 


ide group of dextrosulphenidol 


table color conditions have 


corporated int 


mination of the ar 


Formation of dichloroacetohydroxamic acid at 


Production of hvydroxami from 
dextr 
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TARLe I DETERMINATION OF STANDARD DEXTRO 
SULPHENIDOL SAMPLES 

laken Found Recovery 
mez. mi me ‘mi 

0 52 0 53 1OL.Y 

1 (4 1 103 8 

1 (4 1 10000 

1 15 101.9 

1. 56 1. 62 103.8 

O8 2 O86 

2 O? 97.1 


Mean + standard deviation 100.5 +4 2.8 


25 and 5O° is shown in Fig. 1. Reaction at 25 
is incomplete after sixty minutes whereas at 50 
maximal response is obtained after thirty minutes 
The hydroxamic acid is stable in the reaction 
mixture for at least an additional thirty minutes 
Under the conditions employed the color is 
stable for at least an hour in the absence of light 
lo avoid photochemical instability samples should 
be protected from direct light as much as possible 
\bsorbance at 530 my follows Beer's law over the 
range 0.2 to 2.2 mg. of dextrosulphenidol per ml. ci 
sample solution. The response varies slightly from 
day to day and for maximum accuracy standaraus 
should be run in parallel with unknown samples 
Representative data obtained in the analysis of 
standard dextrosulphenidol solutions (Table I) 
show a mean recovery of 100.5°) with a standard 
deviation of +2.8°,. The method is rapid, accurate, 
and is specific for intact dextrosul 
phenidol in the presence of its hydrolysis products 
Other functional groups yielding 
hydroxamic acids under the conditions employed, 
11), imides (12), anhydrides, acid 
lactones, constitute positive in 
High concentrations of carbonyls, 
transition elements, and ions capable of forming 
complexes with ferric iron will affect the intensity 
of the color and should be avoided 


ind prec ise, 
capable of 


such as esters 
chlorides, and 
terferences 
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Steroids VI. Thiazoloandrostanes 
Sir: 


The recent report (1) of the synthesis of two 
thiazoloandrostanes, thiazolo-|d-3,2 |-17a@-methyl 
5e-androst-2-en-178-ol (II) and 2’-methylthia 
zolo [d-3,2 |-l17a@-methyl-5a-androst-2 - en - 178 - ol 
(111), and the disclosure that IIT is a highly 
potent anabolic agent possessing only low andro 
genic action, prompts us to describe some of our 
work in this field. We wish to report the syn 
thesis of five thiazoloandrostanes including the 
two reported thiazoloandrostanes, II and III 

17 a-Methyl-5a-androstan-178-ol-3-one was 
treated with pyridine hydrobromide perbromide 
in tetrahydrofuran to obtain 2e-bromo-l7a 
methyl-5e-androstan-178-ol-3-one (I), m. p. 185 
187°! (reported m. p. 196-198°) (1) 

Anal.—Caled. for C, 62.66; H, 
8.15; Br, 20.84. Found: C, 62.54; H, 8.14; 
Br, 21.30. 

The 2a-configuration of the bromo group was 
established by the hypsochromic shift of the C=O 
stretching from 5.85 u to 5.76 « upon bromination 
(2) 

The bromoketone (I) was treated with thio 
formamide, thioacetamide, thiourea, N-allylthio 
urea, and N-phenylthiourea to prepare the follow 
ing thiazoloandrostanes,’ respectively: Thiazolo 
[d-3,2]-17 (II); 
m. p. 177 179°; +48 251 my, log 


3.64: 


“max 


75, 3.00-3.05, and 6.40 w (reported: 

m. p. 192-193°; [a]p +33°; ARO" 252 my, log « 
3.61) (1) 

Anal.—Caled. for CaxHs NOS: C, 73.02; H, 


9.04: S, 928. Found: C, 72.66; H, 9.01; S, 


2’ - Methylthiazolo[d - 3,2] - 17@ - methyl 
ja-androst-2-en-178-ol (III); m. p. 198-199.5°; 


“max 


lalp +-35.6°; 253 mu, log 3.72; Anas 


276 and 640 w (reported: m. p. 212-215°; 
laly + 254 mu, log 3 

Anal.—Caled. for C, 
9.25; N, 3.90: S, 8.92. Found: C 
9.23; N, 4.12; S, 9.04 

2’ - Aminothiazolo|d - 3,2] - 17@ - methyl - 5a 
androst-2-en-178-ol (IV); m. p. 270-272°; [alp 
+45.0°: ACHC" 2.76, 2.86, 2.94, 6.25, and 6.57 

Melting points are uncorrected and rotations were de 
termined in chloroform 

A similar procedure has been used for the preparation of 


2’ aminothiazolo|d.3.2| 5a chelest-2 ene, Antaki, H and 
Petrow, V. J., J. Chem. Sou 1,951, vol 


27 


Communications 


Anal.—Caled. for C, 69.95; 
H, 8.95; N, 7.77. Found: C, 69.80; H, 9.26 
N, 7.47 

2’ Allylaminothiazolo|d - 3,2] - - methyl 
5ea-androst-2-en-178-ol (V); m. p. 232-234°; 
lalp +50.5°; AE" 966 my, log 3.93; ACHE! 
2.76, 2.90, 6.07, 6.27, and 6.49 u 

Anal.—Caled. for CoHa~NeOS: C, 71.96; 
H, 9.06; N, 6.99. Found: C, 71.96; H, 9.13; 
N, 7.15 

Phenylaminothiazolo|d - 3,2] - 17a@- 
methyl-5a-androst-2-en-178-ol (VI); m. p. 250 
252°; +46.0°; AE" 208 mu, log 4.21; 
9 76, 2.90, 3.06, 6.19, 6.48, and 6.64 

Anal.—Caled. for CxHgNvOS: C, 74.27; 
H, 8.31; N, 6.42. Found: C, 74.61; H, 8.41; 
N, 6.14 

The paper (1) which reports the preparation of 
structures II and III contains some errors, e. g., 
the use of nomenclature which describes the 
fusion of the thiazole ring as b-3,2 rather than 

‘d-3,2 incéicates that fusion occurs between posi 
tions 2 and 3 of the thiazole ring. The ring is 
fused between positions 4 and 5. Our rotation 
data on {I and III do not agree with the reported 
data (1). Perhaps the reported data on these 
compounds have been interchanged. The melt 
ing points reported (1) for I, II, and III are 11 
15° higher than ours. We have rechecked the 
thermometer and melting points and cannot 
account for these differences 

We had prepared these thiazoloandrostanes as 
potential anabolic agents following the lead 
provided by Sterling-Winthrop Research Insti 
tute when they announced the high anabolic 
androgenic ratio of 178-hydroxy-l7a-methyl-5a 
androstano[3,2-c|-pyrazole (3) The products 

described in this paper were submitted to Smith 
Kline and French Laboratories for screening 
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Assay for Bithionol in Liquid Soap 


bithionol im 
Matuszak 
will undoubtedly give 
than those ob 


The method for the assay for 


liquid soaps as recently described by 


md co-workers (1 results 


which are slightly more accurate 


tained by the method previously proposed by 


u 4 
We feel, however, that the following comments 
should be 
The changes we introduced into the method 

of Child Parks (3 


uniform method of assay for liquid and nonliquid 


noted 


and which made possible a 


have been 
Matuszak, 
tal., so that the method is again limited to liquid 


soaps (as well as other cosmetics 


re vated bv the changes proposed by 


soaps, just like the original method of Childs and 
Park 
\ 


objection 


econd, and in our opinion more serious 
to the which can be 
fact that the 


without the bi 


relate 
This 1 
soap-base of the bithionol soap 
thionol 
of the 


accuracy 


achieved based on the 


has to be available This limits the use 


method to the laboratory of the manufac 


turer concerned. In Europe, conditions in the 


trade of drugs and cosmetics are such that it is 
most difficult, if 
the manufacturer 


not impossible, to obtain from 
blank, of 
sample, of any product which a third party wishes 


a dummy control 
to analyze independently 
c) Matuszak, et al 


that the buffer solutions used by us are no longer 


, conclude in their summary 
required. Yet they have to add, of course, a solu 
tion which brings the pH to 2. Moreover, addi 
tion of an alkaline buffer will be necessary if the 
soap does not have a pH of 8 of itself; e. g., the 


so-called 


These considerations lead us to conclude, there 


artificial soaps.’ 


fore, that the value of the changes proposed by 
Matuszak, 
practical 


et al, are more theoretical than 
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